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ABSTRACT
There are several reported preparations of the purely 
synthetic quinones napthazarin (5,8-&ihydroxy-l>i+-naptho- 
quinone) and 2-methylnapthazarin. These were investigated 
with a view to obtaining these compounds on a large scale 
(ca* 100 g.). No reported preparation proved suitable for 
upscaling, and the various reasons for this are given- Two 
new methods were attempted for the preparation of napthazarin, , 
also without success; one of these led to a novel bisendo- 
methyleneanthracene-
One method for the preparation of napthazarin, involv­
ing chromium trioxide oxidation of a butadiene adduct, was 
found to give various significant byproducts according to 
reaction conditions* These were identified and the mechanism 
leading to their formation is discussed* One such byproduct 
is a molecular mixture of novel type*
With methylnapthazarin an analagous preparation also 
led to a byproduct, identified as another molecular mixture 
of different type.
Attempts were made to prepare 2-formylnapthazarin 
from napthazarin and from 2-methylnapthazarin. No success 
was achieved with direct substitution, and although the
(iv)
previously unknown 2-bromomethylnapthazarin diacetate was ob- |
tained, the reactivity of the halogen was such that unwanted [
[■
side reactions were found to occur very readily. A deriva- [
tive of unknown structure was obtained from 2-bromomethyl- ; j 
napthazarin diacetate. I
Attempts were also made to prepare 2-acetonapthazarin 
from napthazarin, from 2-aceto-j2-*benzoguinone, and from
[
guinacetophenone. Again, the desired compound was not ob­
tained.
In the Fries rearrangement of napthazarin derivatives, 
a symmetrical naptbofiran, 5,8-dihydroxy-l,3-dime-thyhaaptho[ 2,3-£j- 
furan-ij., 9-guinone, has been obtained and its chemistry 
appraised. The reaction conditions have been found capable 
of inducing similar furan ring formation in diethyl a,(3- 
diacetosuccinate.
Several partially acetylated napthazarins were obtained. I 
Nuclear magnetic resonance data were obtained for most 
compounds available (solubility permitting) and for some 
model compounds. The structure of napthazarin and of sub­
stituted napthazarins is discussed in the light of the n.m.r. 
spectra, and the extent to which n.m.r. data can help in 
structure assignment in this series is considered.
(V )
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DEFINITiON
Quinones are defined as diketones in which the keto 
groups are connected by a conjugated double bond system in a 
ring such that the diketone can be reduced to a fully aromatic 
hydroxycompoundo The simplest quinones are jd- and _o-ben2o- 
quinone,
0
1 i
; ! o] i
p>-benzoquinone o-benzoquinone
which reduce to quinol and pyrocatechol respectively? but 
more complex quinones are possible where the carbonyl groups 
are in different rings : 
eag o „
./A
;>• "y >"I
V
It is also possible to incorporate either one or both 
quinonoid double bonds into aromatic systems :
e«g. O
/ '*'v
o
lfU- or a-Napth»quinone 1?2- or ^-Napthojquinone
-3-
P
o
Anthraquinone [
NATURAL OCCURENCE OF QUINONES
i
Quinones constitute "by far the largest group of j
|
natural pigments, hut despite this they make relatively little j
I
contribution to natural colouring. In higher plants they j 
are found mainly in the hark or underground portions, Froii j
j
micro-organisms and fungi over forty quinones have been 
isolated; here again they may he found in colourless reduced 
form. In the animal kingdom they may he found in insects 
and in certain marine animals, notably sea urchins whose 
shells are sometimes coloured by the calcium salts of poly- j 
hydroxynapthoquinones (spinochromes), In view of the rather j
i
large number ( >130) of quinones found, widely distributed, |
in nature there is considerable speculation as to their j
function. The ease of reduction and reoxidation of quinones | 
indicates possible participation in respiratory processes (cf, j 
A,F.BR0DIE in Biochemistry of Quinones, Acad, Press, 1963* ed* | 
R, A, MORTON, Chapter 11) , Some quinones have been found j 
to be antifungal agents, e,g, 2,3-dichioro-1,4-naphthoquinone,j
i
and others are bacteriostats.
AIMS OF THE WORK
The quinones which we studied were the a-napthoquinones? 
in particular hydroxyl substituted a-napthoquinones. There 
are some 50 nap t ho quinones found in nature and indeed they 
represent the majority of hapthalene derivatives isolated 
from natural sources* Because of the wide occurrence of 
napthoquinones in nature, a large number of these have trivial f
i
names, normally based on the name of the source from which theyj
|
have been isolated. Examples of these will be found throughout 
the following text. j
We were interested in introducing carbonyl functions, j
such as keto or formyl groups, into the 2- or 3-positions of j
the quinone ring. These would be useful as model compounds |
as several naturally occurring napthoquinones carry aceto- j
substituents (e.g. cordeauxia quinone), j
CORDEAUXIAQUINONE
and it is very probable that naptho quinones carrying formyl 
substituents will be found in the near future as naturally
OH 0
OMe
OH
OH 0*
m 5m
occurring formyl ant hr a quinones and benzo quinones are known* 
An added attraction of these compounds is the possibi- 
A lity of developing side chains from the carbonyl function, 
such as that present in the natural product alkannin.
CHOH. CH«CH = CUe
OH
A major problem in investigation of naturally occurring 
quinones is the small quantities of the quinones available 
and the inaccessibility of their sources* Thus cordeauxia- 
quinone is isolated in less than one per cent yield from a 
coloured feathery deposit on the leaves of Cordeauxia edulis 
Hemsl* (Leguminosae) found in Abyssinia and Somaliland; 
alkannin can be isolated in five per cent yield from the root 
of Alkanna tinctoria Tausch (Boraginaceae) and the entire 
chemistry of the spinochromes (from sea-urchin ) is described 
from milligram samples only*
Thus if profitable work is to be done with than-*. more 
accessible model compounds will first be required* Equal­
ly important is that, although the compound used largely for 
the work in this Thesis, napthazarin is relatively insoluble
—6—
OH 0
OH ' t) |
HAPTHA- ZAP IN
and difficult to purify, it is very much more soluble and j
easier to purify than more heavily hydroxylated species such as j
j
the spinochromes, and hence more convenient for model experi­
ments *
Since much of the work on quinones was done before 
nuclear magnetic resonance facilities were widely available j
there is a serious shortage of nuclear magnetic resonance j
(n.nur.) data* One of the aims of this work was to compile 
such data, which should greatly facilitate structure assign­
ment in new quinones*
Also there already exist several problems in napthazarin | 
chemistry, one being the position of substituents in the 
quinoid and benzenoid rings, which are difficult to solve by 
chemical means but are easily solved by reference to the n*m*r. 
data*
Thus it is known that if toluquinol andnaleic anhydride 
are condensed the product, methylnapthazarin, is identical with 
that obtained by condensation of quinol and a-methylmale£fc*
-7-
anhydride* It is therefore impossible to say into which 
ring the methyl group is substituted*
The classical approach is ozonolysis o.r oxidation* 
However, if the rings are easily interchanged through tauto- 
merisine thus :
OH 0 0 OH
.• i i
Me
0
Me
/
0 OH
there is no certainty that the ozonolysis will not induce 
reaction in a molecular species not normally present* N*m.r* 
measurements should simplify structure assignments in such 
cases*
An alternative method of identifying the ring into 
which a substituent has entered is by consideration of the 
oxidation-reduction potential of the quinone (L.F. and M* 
FIESER, fAdvanced Organic Chemistry*» Reinhold, 1961, p*8l{.7; 
K.WALLENFELS and W.mOhLE, Ber., 1943. 924). It was
found that the effects of substituents on the potential of 
the parent quinone were additive and for a given substituent 
the magnitude of the effect differed for it in the benzenoid 
and quinoid ring.
- 8 -
The orientation of hydroxyquinones of the ahove type 
has /been studied hy X-ray crystallography. Napthazarin 
has been studied "by O.BORGEN (Acta Chem.Scand., 1956* 867) j
H.WATASE, K. OSAKI and I, NITTA (Bull. Chem. Soc. Japan, 1957» 
JO, 532) and C.PASCARP-BILpY (Compt. Rend.» 19^1, 282, 1350).
C. Pascard-Billy concluded that in the crystal napthazarin 
was a 1,5-napthoquinone, however, the "bond lengths obtained are 
difficult to assign to a simple 1,5-quinone. There are three 
crystalline forms of napthazarin and the values for napthazarin 
C are given below.
0 0
:'-3' j
t-lty
/• 3S {/■IfI
0 0
The oxygen-carbon distances found (1.31 and 1.325 A) are almost 
within experimental error all the same. X-ray crystallography 
data for cordeauxiaquinone (F.FEHLMANN and A.NIGGLI, Helv.
Chim, Acta, 1965? 305) has indicated a slightly non-planar
-9-
1,5-naptho quinone structure in the crystal#
There has "been considerable study of the infrared ab­
sorption spectra of napthazarin and its derivatives (B.HADZI, 
Arhiv# Kem, 1953? 23? 33; Chem. Abs., 10436; D.HADZI and
N. SHEPPARD, Trans # Farad. Soc., 193k* 911; H.BROCKMAOT and
B.FRANCK, Naturwiss., 1955? U2> 45; H.MUSSO and I.SEEGER,
Chem# Ber#, I960, 796; R.BLINC, D# HADZI and E.PIRKMAJER,
fH.vdrogen Bonding" »Ed. D.HADZ-I» Pergammon, 1959? P«333)* 
Consideration of the infrared absorption spectra of napth­
azarin has indicated very strong intramolecular hydi*ogen
COVCt^."
bonding and indications are that the hydrogen is still ecEse^ L-
—1ently bonded to the oxygen# The hydroxyl band (2900 cm# ) 
is in the position for chelated hydroxyls. R.S.RASSMUSSEN,
D.D#TURNICLIFF and R.R.BRATTAIN (J. Amer. Chem# Soc. 9 1949?
71, 1068) suggested the annexed contributing structures for 
chelated hydroxyls.
OH 0 0OH O0
! j j and 1 j I
„ C ..^Ca .-3-'^
The ionic component would result in loosening of the hydroxyl 
bond with consequent increase of the strength of the hydrogen 
bond# It was felt that n.m.r# might help in the study of this 
hydrogen bonding problem, since this is both a very sensitive 
method for detecting hydrogen atoms in different structural en­
vironments and for assignment of hydrogen atoms to specific
locations.
- 1 0 -
GENERAL CHEMISTRY OP Q.UINONES
There are a number of general chemical properties of 
quinones which can he conveniently given here although many 
will he mentioned in the Discussion,
As each double bond is incorporated into an aromatic 
system the reactivity of the quinone decreases, jo-Benzo- 
quinone will react with ethanol or methanol in the presence 
of zinc chloride to give 2, 5-diethoxy- or 2, 5-dime thoxy-jD- 
benzoquinone respectively (E,KNOEVENAGEL and C.BiJCKEL, Ber,, 
1901» 3993) in k0% yield, Napthoquinones are insuffici­
ently reactive to undergo this reaction. Nevertheless they 
will add amines or thiols readily to form 2-alkylamino or 
2-thio derivatives (R„H,THOMSON, J. Org, Chem,, 1951* 16,
1082; J,W.MACLOED and R,H.TH0MS0N, J, Org, Chem,, I960* 2£, :
36).
There are three methods of substitution into benzo- 
quinone or napthoquinone; 1,4-addition across the a,£-un- 
saturated carbcn.yl system, 1,2-addition across the carbonyl 
group, and 1,2-addition across the quinonoid double bond.
An example of 1,4-addition across the a,|3-unsaturated 
carbonyl system is the reaction of ^ -benzoquinone and methanol 
already quoted;
An example of 1,2-addition across the double bond 
occurs in the chlorination of 1, i^ -napt ho quinone * e„g.
n
Cl
.01
lm.
and an example of 1, 2-addition across the carbonyl bond is 
the photo-addition of olefins to jD-benzo quinone (D, BRYCE-SMITH 
and A.GILBERT, Proc. Chem, Soc,, 1961+*
If
0
i t
r y
\
'XT
i ;
/ '
j
Quinones can be reduced to their respective poly- 
hydroxybenzenes, napthalenes, or anthracenes by such reagents 
as zinc and hydrochloric acid, catalytic hydrogenation, 
sulphur dioxide, stannous chloride or tin and hydrochloric 
acid, and sodium dithionite among others. Some polyhydroxy- 
naptho quinone s [e,g. napthazarin ( 8-dihydroxy-l,4-naptho-
12-
quinone)] or anthraquinones can "be oxidised to diquinones with 
lead tetra-acetate :
Ph(OCOCH,)
CH.,CCUH
NAFTHAZARIN. (K. ZAHN and P.OCHWAT, Am., 1928, M g >  72)
Quinones can he; retotively #ce&ylate& using either 
acetic anhydride and anhydrous sodium acetate or acetic 
anhydride, zinc dust and a trace of triethylamine (cf« EiH* 
THOMSON, Jo Orgo Chemo, 1951? 16, 1082), although the tri­
ethylamine is not always necessary :
OH Zn dust 
(CH,C0)o0
Quinones can also he acetylated in such a manner as to 
introduce an acetoxy group at a vacant 2- or 3-position hy 
the method of J.THIELE and E.WINTER (Ann.. 1900, ^11, 31+1) 
using acetic anhydride and concentrated sulphuric acid or hy a 
modified version due to Pieser using acetic anhydride and 
horon trifluoride etherate.
0 QA.C
(L.F.FIESER, J. Amer. Chem. Soc.. 1948, JO, 3168)
Quinones with high oxidation-reduction potentials can 
he reductively methylated hy dimethyl sulphate and pyridine 
(J. GHIPENBERG and T.HASE, Acta Chem. Scand.. 1963, 1£, 2250). 
The reaction gives poor yields for napthoquinones and fails 
for anthraquinones*
INTRODUCTION OF SUBSTITUENTS INTO NA. PTHOQ.U IN ONES
Pour approaches to the problem of introducing suhsti- 
tuents into naptho quinones presented themselves to us* These 
were :
(a) direct substitution;
(b) conversion of a substituted napthol into a 
napthoquinone;
(c) preparation of the napthoquinone by construction 
of a second ring on to a substituted benzene (if necessary 
oxidizing a napthalene intermediate to the corresponding 
napthoquinone);
(d) substitution reaction with groups already present 
in the napthoquinone.
GROUP fat - BY DIRECT SUBSTITUTION
A good deal of work has been done on the direct sub­
stitution of hydroxyl groups into the quinoid ring. One such 
method is direct aereation of the napthoquinone in alkaline 
solution (cf. L.F.EIESER? J.Amer.Chem.Soc.» 1928, J50? 439 
and 46 c) s
OH 0
°2 - \ (OH
OH
OH
alkaline j
solution * I
OH 0
NAPTHOPURPURIN
A second hydroxyl group can he introduced into the 
quinoid ring? provided that hydroxyl substituents in the 
benzenoid ring are protected by methylation? using hydrogen 
peroxide [ cf. L . A .SHCHUKINA.? A.VINOGRADA and M.M.SHEMYAKIN?
J. Gen. Chem. (U.S.S.P.)? 1951? 21? l66l; Chem. Aba.? 46?
3990]. However? hydroxyl substituents are most conveniently 
introduced by methods (b) and (c).
Halogens can be introduced into the quinoid and benze­
noid rings by direct halogenation (A.S.WHEELER and V.C.EDWARDS?
Amer. Chem. Soc.» 1917? ^ ?  2460; A.S.WHEELER and J.W.SCOTT, 
Jo Amer. Chem. Soc. ? 1919? 41? 833; R.H.THOMSON? J. Org. Chem. ■
/I
-15-
1948, 12» 377; F.KEHRMANN and B.MASCIONI, Ber., 1895* 28, 345; 
L.N.AIZENBERG, T.A.B0GDEN0VSKA7A, R.S.AIZENBERG and A.I. 
SUPRUNENKO, Tr. Kidinevsk. Selfskokhoz JEzat., 1962, |>g, 139* 
Chemo Abs., 26, 139)* There is some confusion in the litera­
ture as to whether dihromination is homo- or hetero-nuclear. 
H.WALDMANN and E.ULSPERGER (Chem. Ber., 1950, 8J, 178) found 
that 2,3“’,&ihromonapthazarin prepared from quinol and dibromo- 
maleic anhydride differed from that given in the literature 
as 2:,3-dibromonapthazarin.
Alkyl groups have been substituted in the quiiioid ring 
by reaction with a trialkyl boron (M.P.HAWTHORN and M.REINTJES, 
Jo Amer. Chem. Soc., 1964* 86* 951) or with peracetic acid 
L.F.FIESER and A.E.OXFORD, J. Amer. Chem. Soc., 1942, 64, 2060), 
but this method sometimes gives poor yields where isomers are 
possible (R.H.THOMSON, J. Chem. Soc., 1949* 1277)• Alkyl 
groups can also be introduced by the method of H.BROCKMANN and 
K.mOlleR (Ann., 1939? 540, 57) by reaction of the napthoquinone 
with an aldehyde in hot acetic acid in the presence of hydrogen 
chloride.
Alkenyl groups have been introduced "by a variety of 
methods as napthoquinones with unsaturated side chains are 
possible vitamin substitutes. They have "faeen introduced 
by the reaction of long chain alcohols with napthoquinones 
(L.F.FIESER and M. de la M. GATES, J. Amer. Chem. Soc., 1941* 
6.3, 2948)5 "by reaction of the quinol with an olefin alcohol 
in the presence of boron trifluoride (H.SAEDERMANN and M.H. 
SIMATUPANG, Chem. Ber., 1963* 96, 2182), by reaction of 
quinones with unsymmetrically substituted olefins (M.GATES, 
Amer. Chem. Soc,, 1964* 951) or by reaction of the
silver salt of a hydroxyquinone with an alkenyl bromide 
(L.F.FIESER, J. Amer. Chem. Soc., 1927* 837) i
LAPACHOL 3% yield 
Reactions of this type were of particular interest to
us because of the possibility of introducing a hydroxy group
0 0
+ B r . C H 2 C H = C M e 2  j j j  | i
's.. J  CHgCH=CMe
°Ag . 0H
 _ _ . ! i f  < i
)T
0 6
-17-
in the side-chain adjacent to the ring through hydrohoration
of an exocyclic double bond, e0g, 
0
<?<, f- 
:CK*it
0
>!
C<r{
L  cuf
0 0
However, a study of H»C.BROWN*s book'Hydroboration* 
(Benjamin, 1962) indicated the hydroxyl group would be intro­
duced [3- to the ring.
Napthoquinones have been chloromethylatod by formalde­
hyde in cold acetic acid containing hydrogen chloride but 
the reaction is of limited scope (R.H.THOMSON, J. Chem. Soc., 
19.53, 1196) :
CH^COgH
0
0
k }!
✓ GH2C1
it
' CH2C1
0
2-Bromo-3~bromomethylnapthazarin‘ has been prepared 
by allylic bromination of 2-bromo-3-itethylnapthazarin and 
from l,ij.-dioxo-5?S-dimethoxy-2,3-dibromo-2,3-methylene-l,2»-
3,4-tetrahydronapthalene (A. J.SORRIE and R.H. THOMS ON, J. Chem.
-18-
§$£.,» 1955> 2238) s
OCH. O
HBr
g h3c o2h
c ' j  H
>
OK O
No aldehydes of hydroxy-1,4-^apthoquinones have been 
prepared 'but it is possible that H. DIETERLE, A. SALOMAN and
E. NOSSECK (Ber, 1931, 6 LjB» 2086) may have obtained 2-formyl 
napthazarin by careful ozonolysis of alkanninv
l| °*<
CH2. CH=«e2
JJ °2//°3
h O
‘.J H O lA C
ALKANNIN
(of, also S.B.BINKLEY, R.’,V .McKEE, S.A.THAYER and B.A.DOISY, 
iE» Biol, Chem-, 1940, 133, 771 for similar work on Vitamin K)« 
Keto groups have been introduced into napthoquinones 
by means of the Fries rearrangement of the quinol acetates* 
CoJoPcSFRUIT (Rec. Trav. Chinu, 1947, 6§, 665; Chem. Abs., 
Jjl2, 1922) prepared 2- aceto-l,4-napthoquinone from 1,4- 
diacetoxynapthalene’by refluxing it with zinc chloride in 
acetic acid and oxidising the 2-acetonapthoquinol with silver
-19-
oxide * The Pries rearrangement of polyacetoxynapthalenes 
using 'boron trifluoride as Lewis acid has "been very recently 
reported by E.I.SINOE, R*E.MOORE, C.W.J.CHANG and P*J.SCHEUER 
Amer, Chem, Soc*, 1965? 87, 4023) in a note on the syn­
thesis of various spinochromes (pigments of sea urchins)*
An example is given below of their synthesis of spinochrome C 
on a milligram sca3.e ;
/.'far /CH.CO.K
0 / i c  ' :
OC 4
SPINOCHROMB C 
Aeetonyl groups have been substituted into hydroxy- 
guinones by E* HARDEGGER, K. STEINER, E. WIDMER and A. PPIPPNER 
(Helv* Chima Acta, 1964, 2031* 2027) and E. HARDEGGER,
K. STEINER, E* WIDMER and T. SCHMIDT (ibid*, p.2017) in their 
synthesis of javanicin (2-acetonyl-7-methoxy-3-methylnapthaza- 
rin) * The synthesis is summarized by the following 
diagram s
(cfo also E*WIDMER* J.W. MEYER, A.WALSER and E.HARDEGGER* He It ,
'Chin!# Acta? 1965? Li_8 f 538) •
NAPTHOTiS ■.T(l_.OTT7HOT^ 3 
Hapthols carrying the required substituents can he 
oxidised to quinones by several methods# ^he most straight­
forward method is by aerial oxidation# Thus flaviolin-6*8- 
dimethyl ether can be prepared by aereation in solution of 
lj3~<3ihydroxy-6? 8-dimethoxynapthalene (J.W.BYCROFT and J.C. 
ROBERTS, J• Chem, Soc#, 1962, 2063).
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A more general approach is oxidation of a substituted 
napthol with Fremy*s salt (potassium nitrosodisulphonate) 
to the quinone (cf. H.J.TEUBER and G.STEINMETZ, Ber., 1965* j>8 * 
666) • An example of its use is the formation of stypandrone 
from 2-aceto-1,8-dihydroxy-3-methylnapthalene (R.G.COOKE and 
Ti.G.SPARROW, Aust. J. Chem.# 1965* 18, 218).
O HO H
cocH
CH
" . STYPANDRONE
The alternative isomer was also formed in the same
yield.
It is not yet possible to predict whether the oxidation 
will proceed and if there is a possibility of several products 
being formed, which of these will be obtained. Thus :
0H AcNH
- 2 2 -
1-Napthols can be converted into 1,4-quinones "by oxidation 
of the 4-eunino derivative with ferric chloride, or from the
1-napthol via the 4-amino derivative hy the method of L.F. 
PIESER and M.FIESER (J. Amer. Chem. Soc.. 1935, 2L, U9l) •
This method has also been applied to the preparation of 1,2- 
napthoquinone from |3-napthol.
GROUP (a) - CONSTRUCTION OF QUINOID RING ON BENZENE RING
Napthoquinones can he prepared hy condensation of a 
substituted maleic or succinic anhydride with a substituted 
benzene in an aluminium chloride-sodium chloride melt at 200°
(cf• D.B.BRUCE, A.J.S.SORBIE and R.H •THOMSON, £. Chem, Soc,, 
1953, 2403)* Various other melts can he used (H.BROCKMANN 
and E.WIMMER, Chem, Ber., 1963, $ 6 9  2399). This method is 
considered in the Discussion so only one example will he 
given here. Napthopurpurin has been prepared hy aereation of 
napthazarin (see p. 14) hut the product is unstable and it 
was found to he better to prepare it hy condensing 1,2,4-trimeth- 
oxyhenzene and maleic anhydride in an aluminium chloride-sodium 
chloride melt (J.W.H.LUGG, A .K .MACBETH and F.L.WINZOR, J. Chem. 
Soc., 1937, 1597).
It is sometimes more convenient to carry out the con­
densation in two steps as each step can he carried out under 
conditions milder than those above.
(G. IZORET* J. GAMIER, J.J.BRUN and G.LONGCHAMBON, Bull. Soc. 
Chirn. Fr.» 1964, 822; Chem. Abs.. 6l, 1*28U» also
G.BADDELEY* S.M.MAKAR and M.G.IVINSON, £. Chem. Soc., 1953* 
3969 and R.G.COOKE and B.L. JOHNSON, Aust. J. Chem., 1963* I§> 
695).
A general method for preparing napthazarin derivatives 
is the chromium trioxide oxidation of substituted l,lj.-dia#e- 
toxy-5* 8-dihydr onapthalene s (P. P.FARINA, M. LORA-TAMAYO and 
C.SHAREZ, Tet. lett., 1959s 12s 9)* Thus
c:A
oAc
An alternative is to condense the two components in 
nitrobenzene containing aluminium trichloride, hydrogenate 
the keto acid formed and cyclise this to the tetralone as
-24-
fairly mild conditions are required for this ring closure. 
The tetralone is then aromatised to the napthol and this is
oxidised to the quinone, e.g.
O M e  gCH3
ho2c „ c m 3
AV.CjL^
C H «
f'. r-! a
CH Cn,°
PL(CAc)
CCHj <5
OCM3 0  
pCw, 9*
I phone
■CU3 |/ A c i d
OCH-j O
cu OCH3
Mt.l'ife
(E. HARDEGGER et el., Helv. Chim. Acta, 1964s 47 , 2027)*
Other methods have been used to form the second ring. 
B.W.BYCROFT and J.C.ROBERTS (J. Chem. Soc., 1962, 2063) did 
this by cyclising methyl (2,-aceto-3 t,5f-dimethox$rphenylace«
tate .
OCH, QCH j o h och3 O
CXSO&Cl £
cxuzo-tion
C K O OCH.H P  ocH
N  oH
An interesting approach is a synthesis via the napthol 
formed by dimerization of diacetoacetone in weakly alkaline
-25-
solution (J.N.COLLIE, J. Chem, Soc*, 1907, j-)!, 1806)
2 CH3C0CH2C0CH2C0CH3
CH
Then Premy's salt oxidation gave 6-aceto-l,7-dimethyl-5- 
~ hydroxy-1, !*-napthoquinone (J.C.OVEREEM and G.J.M.Van der 
KERK, Rec. Tray, Chim., 196!*, jg, 1005).
GROUP (d) DIRECT SUBSTITUTION OP GROUPS ALREADY PRESENT
The fourth approach which presented itself to us was 
the possibility of substitution of groups already present in 
the napthoquinone.
Halogen, alkylamino and thio groups have been hydro­
lysed by alkali or alternatively replaced by hydrogen using 
stannous chloride and hydrochloric acid (cf* J.W.MACLOED and 
R.H,THOMSON, J. Org. Chem., I960, JJ, 36). Bromine has been 
substituted by anilino by treatment of the bromide with 
akiline (A.S.WHEELER and B.G.CARSON, J. Amer<, Chem. Soc.,
1927> 2825); chlorine has been replaced by azido groups
by treatment with sodium azide (W.L.MOSEY and M.L.SILVA, J. 
Chem. Soc.# 196!*, 3990); and cyano groups have been introduced 
in a analogous manner (G.A.REYNOLDS and J.A.VAN ALLEN, J.
Org. Chem., 196!*, 2g, 3591).
- 2 6 -
A novel indirect preparation of 2,3-dimethyl-1,1*- 
-napthoquinone is the pyrolysis of the diazomethane derivative 
of 2-methyl-l,l*-napthoquinone.
CM
A
O
(F.M.DEAN, P.G.JONES, R.B.MORTON and P.SIDISUNTHORN.J.Chem.
Soc., 1963, 5336)
CONCLUSIONS
From this survey of napthoquinone chemistry a number 
of possible routes indicated themselves for the preparation 
of 2-formyl- and 2-acetonapthazarin. The aim was not only 
to prepare model compounds for possible natural products; 
but also useful intermediates for synthesis of napthazarin 
derivatives carrying longer chains (e.g. alkamixj, so reactions 
weressarched for which would afford these compounds on a re­
latively large scale, say a ten gram scale. The most suitable 
approach therefore seemed to be group ja. Thus various 
reactions were attempted on napthazarin to this end and these 
are considered in the following Section.
Another approach from group sa. is via chloromethylation 
of napthazarin. The work of Thomson indicated that by this 
method two chloromethyl groups would be introduced so it would
27
"be necessary to "block one position with a thio or anilino
&
group as this could "be subsequently removed by e^pvage with 
stannous chloride. Thus the lengthy reaction sequence could
Alternatively, if thioacetic acid was used as the blocking 
group, this might be subsequently removed by hydrogenolysis 
(E.H.THOMSON, J. Chem. Soc., 1951, 1237),
Alternatively, the method of E. Hardegger et al. from 
group c could be adapted using a-aeetosuccinic anhydride in 
the first step, if necessary protecting the aceto group by 
preparing the ketal.
The method of Bycroft and Roberts from group c_ could 
possibly be adapted to give the sequence outlined,
be envisaged
pH °
:hz&
a
28-
utr,i OCHj
^ C H
I . /’>-'< € / -y. j I
W  C*-*.fts ^ v > A c o
€iCHj O H
C f-t . c o ^
CO CMa
CMfO.
o cH5 c
followed by demethyl at ion with aluminium trichloride in 
nitrobenzene.
None of these three methods seemed suitable for large 
scale preparations as so many steps were required.
The method of Farina §£ al. seemed a very possible 
route to either 2-formyl or 2-acetonapthazarin, via 2-formyl 
or 2-aceto benzoquinone or the corresponding thioacetals or 
thio ketals, the protecting group being removed by hydro- 
genolysis.
Another route which offered itself was the condensa­
tion of quinacetophenone or its dimethyl ether, both of which 
can be prepared in good yield on a large scale, with maleic
- 29-
anhydride in an aluminium trichloride-sodium chloride melt* 
Another approach to the formyl compound is allylic 
hromination of methylnapthazarin diacetate as it was con­
sidered that it should he possible to convert the bromo- 
derivative fairly easily into an aldehyde. Also* if this 
failed* allylic chlorination or iodination could be attempted* 
It was not clear that A.J.S.Sorrie and R.H.Thomson (see 
group &) had covered the possibilities for allylic bromination 
of methylnapthazarin diacetate adequately*
In view of the lack of solubility and the intense 
colour of napthazarin derivatives, it is often easier to 
work with the ethers* because of their increased solubility 
and lighter colour, although these are less reactive with 
nucleophilic reagents (D.B.BRUCE and R.H.THOMSON* J. Chem* 
Soc» 9 1955* IO89)• However, quinones are usually found in 
nature as the free hydroxy compound so the use of ethers 
involves a final ether cleavage step when the aim is to ob­
tain compounds for direct comparison. The acetates are 
sometimes useful although they are easily hydrolysed*
%- 3 0 -
!|
D I S C U S S I O N
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Te have a specific objective, the work which we proposed 
was directed towards the eventual synthesis of alkannin,
0
CH -Cft.-CH: u =  C ( C H ' )i'z
ALKAMIN
and we decided that the best approach to this problem was 
to introduce a reactive, grouping into the quinoid ring of 
napthazarin(i)•
OH ^
1
Groups such as formyl or aceto groups were considered to be 
the most suitable as each of these carries an oxygen function 
adjacent to the ring, and the alcoholic hydroxyl of alkannin 
is in this position. Thus, the possibility exists of
building up the side-chain using the reactions of the car­
bonyl or reactive methyl group.
It is to be noted that although a number of napthazarin 
derivatives occur in nature, napthazarin itself is not a 
natural product but is wholly synthetic.
-32-
Napthazarin offered advantages as a starting material 
■because? although it was not possible to buy napthazarin? 
there are a number of preparations of it cited in the litera­
ture. In view of the fact that it has been used fairly 
extensively in the dyestuff industry. (E.MERIAN? Amer. Dye stuff. 
Reptr., 1959> ^ 8(20)? 31) it was felt that there might well 
be a large scale (100 g.) preparation? suitable for the 
laboratory? to be found in the patent literature.
A survey of the methods available and possible new 
methods was therefore undertaken with a view to preparing 
napthazarin on this scale.
-33-
PART I
PREPARATIONS OP NAPTHAZARIN
(i) Via the Adduct of p-Benzoquinone and Cyclo-pentadiene
It was thought that it might he possible to oxidise 
the enol diacetate of the j>-benzoquinonecyclopentadiene 
adduct (II) with chromium trioxide in acetic acid and hence 
eliminate the methylene bridge to obtain napthazarin.
/  OAc
oAc O
OAc ONAPTHAZARIN DIAOETATE
A similar method (to be discussed further on) had 
been published using butadiene, instead of cyclopentadiene. 
However, we found that cyclopentadiene was very much more 
accessible than butadiene and, as a result, we felt that it 
would be advantageous if cyclopentadiene could be used to 
prepare napthazarin.
It had been found by P.O.WHITMORE and G.W.PEDLOW
-34-
(J. Amer» Chem. Soc, , 1941 > j|3* 758) that in the system :
R - GH = OH - CH2 - R'
the methylene was attacked hy chromium trioxide preferentially 
to the double bond, so we were hopeful that the methylene 
bridge could be removed.
The best method for the preparation of the adduct (II) 
was by the method of W.ALBRECHT (Ann.. 1906, 31) •
Attempts to prepare the adduct in benzene gave either mixtures 
of (II) and the diadduct, or (II) and starting material de­
pending on the quantity of solvent used.
However? when we attempted to force acetylate the 
adduct (II) to the diacetate (III) we obtained a product in 
80% yield with the surprisingly high melting point of 
234«5 - 235°• Nuclear magnetic resonance data and ultimate 
analysis indicated this compound to be in fact 9,10-diacetoxy- 
l?4-niethano-5> 8-methano -anthracene (IV), a compound not pre­
viously known. [Some n.m.r. data for the compounds prepared, 
together with assignments, appears in the Experimental Section 
under the compounds concerned. For convenience, a full 
collection in tabular form is added at the end of the Thesis. 
At the end of the Discussion there is a separate treatment of 
important n.m.r. results]*
-35-
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Presumably the first step leading to (IV) is the netro Diels- 
Alder reaction followed hy a further Diels-Alder reaction to
form the more stable adduct in acetic anhydride, the di-
- - - \
adduct (V),
Z
O 0
Possibly it is a disproportionation reaction* This would
be followed by forced acetylation to give (VI)
oAc
O Ac.
The next step is probably aromatization of (VI) to 
(IV) involving benzoguinone as hydrogen acceptor*
Attempts to oxidise this product with chromium trioxide 
by the method of C*S*CONTRERAS (Rev* de la Real* Acad* de 
Ciencias Exact* Pis* Nat* Madrid, 1963s 57> 385; Chem* Abs*» 
£Q, 9211) or by the method of R*D.WILSON (Tetr., 1958, J, 2^0)
O A c
o A c
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gave only quinol, quinol diacetate or starting material (IV).
Several workers (CIBA Ltd., Belg. Pat., 627*900, 1963; 
Chem. Aba., 60, 12148; P.KNIEL, Helv. Chim. Acta, I965* J±§> 
837) have used the adduct of napthaquinone and highly sub­
stituted cyclopentadienes to prepare anthraquinones.
(ii) From Quinol and Maleic Anhydride
(a) In an aluminium chloride-sodium chloride melt 
The next method tried was that of K.ZAHN and P.OGHV/AT 
(Ann., 1928, 462, 72) in which a mixture of quinol and maleic 
anhydride was added to an anhydrous aluminium trichloride- 
sodium chloride melt at 200°. This method has been reviewed 
by D.B.BRUCE, A.J.S.SORRIE and R.H.THOMSON (J. Chem. Soc., 
1953* 2403) and their directions were followed. The product 
could be conveniently purified by two methods, either by 
column chromatography on silica gel of the crude acetylated 
product or by sublim/ation of the free hydroxy body (fully 
acetylated hydroxynapthoquinones were found not to sublime). 
Chromatography invariably gave better yields but sublimation 
was quicker and was preferred when a slightly reduced yield 
was tolerable or where the napthazarin was specifically re­
quired (hydrolysis of the acetate invariably causes some 
hydroxylation in the 2-position).
In general, the yields obtained for syntheses in
- 37-
aluroinium chloride melts depend on the stability and volatility 
of the starting materials used* Thus in the extreme case 
where quinol was condensed with the reactive a,{3-diacetoxy- 
maleic anhydride the product was 2-acetoquinol (D.B.BRUCE and 
R.H*THOMSON? J. Chem* Soc*, 1933? IO89) indicating breakdown 
of the anhydride*
The increased stability of succinic anhydride over 
maleic anhydride was used to advantage in a preparation of 
napthazarin due to C.KURORA (J* Sci. Res. Inst* (Tokyo), 1953, 
U7? 61; Chem. Abs., ^S, 12057) in which succinic anhydride 
and quinol were condensed in an aluminium chloride-sodium 
chloride melt. The yield claimed was 60$ as opposed to 30$ 
using maleic anhydride. The reaction would involve two 
stages, condensation to leuconapthazarin, and dehydrogenation 
or perhaps enolization and oxidation to napthazarin.
o OK
OH G 0 H ©
LBUCOHAPTHAZARIN 
However, it was found that the second step was not 
quantitative and it was difficult to remove leuconapthazarin
-38-
from the product, As a result we were unable to duplicate 
Kuroda's yield (cf, K.ZAHU and P.OCHWAT, loc. cit.),
The Zahn and Ochwat method was found to he convenient 
on a small scale hut on a larger sacle (i.e. ahove 20 grams 
of added organic solids) it was found to he difficult to 
maintain adequate stirring and temperature control and the 
yield fell off sharply. Also on a large scale frothing of 
the reaction mixture became a ma^or problem, requiring the 
use of very large beakers to contain the reaction mixture*
For example, it required a two litre beaker to contain the 
reaction on a twenty gram scale. However? as each required 
only about ten minutes to perform it was quite easy to run 
a whole series of small experiments and combine the reaction 
mixtures for working up,
(b) In concentrated sulphuric acid and boric acid
An alternative condensation medium for the condensation 
of quinol and succinic anhydride to napthazarin was given 
in a patent by H,DREYFUS (Fr* Pat*, 667, 9179 1929; Chem, Abs,? 
2I±, 13935 cf, also G,H,ELLIS? H.C.OLPIN and E.77.KIRK, U.S. 
Pat.. 1,911,945, 1933; Chem. Abs., JZ> 3952). Dreyfus
used a mixture of concentrated sulphuric acid and orthoboric 
acid at 120°. It is interesting to note that he used a ratio 
of two moles of succinic anhydride to one of quinol to prepare
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napthazarin which was given as an example* This method was 
attempted hut no napthazarin could he isolated* The product 
was* as Dreyfus said it would he* dark red needles hut these 
were insoluble in chloroform and failed to suhlime. In view 
of the proportions Dreyfus used it is prohahle that not napth­
azarin hut rather an anthraquinone was isolated* Dreyfus 
claimed that this was a general method*
It has heen since noted that there are no examples 
of the use of this method for preparing napthoquinones in the 
literature hut several preparations of anthraquinone s are given 
using this route. An example is i
0 -+
CO
OHOH
(Y.BANSHO, S.SUZUKI and I.SAITO, Tokyo Kogyo Shikensho Hokaku, 
196l» 158# Chem« Ahs*» 62, 1609.)
(ii) Oxidation of 1,5-Dinitronapthalene
A method is available for the preparation of napthazarin 
from 1*5~dinitronapthalene (G.CHARRIER and G.TOCCO* Gaz* Chem* 
Ital* * 1923, .52» 2+31; Chem* Ahs** 18* 25kl C. KURODA and
172+0; Chem* Abs*,33, 2511* cf. also H.E.FIERZ-BAVID and W. 
STOCKAR, HelVo Chim. Acta, 19^3* 26, 92; D.X.KLEIN, UaSo Pat*,
2,238, 938? 1941; Chem* Abs*, 35, 4780)by oxidation of the
with ■
nitronapthalene/sulphur sesquioxide in oleum* [This was the
industrial preparation of napthazarin and was adapted to pre­
pare the more useful 2+-hydroxy-8-amino-l,4-quinonimine dyes]* 
The reaction was found to he sensitive to the strength of the 
oleum (oleum containing 18% sulphur trioxide was found to he 
best) and to the temperature of heating* Good yields could 
he obtained on a small scale* Frothing of the oxidising 
agent was the determining factor in scaling up of the pre­
paration and an eight gram scale was found to he the largest 
that could he conveniently handled*
In the nitration of napthalene, 1,8-dinitronapthalene 
preponderates over 1,3-dinitronapthalene• Pierz-David and
Stockar noted that oxidation of 1,8-dinitronapthalene gave poor 
yields of napthazarin.
This preparation is general hut is severely limited 
in its application by the relative inaccessibility of suitable 
substituted 1,3-dinitronapthalenes (D.B.BRUCE and R*H.THOMSON, 
Chem* Soc., 1955, 1089 hut see CjKURODA and M.WADA, Sci*
P.BOSSHARD, S.FUMIGALLI, R.GOOD, W.TRUEB, W.v.PHILIPS- 
BORN and C.H.EUGSTER (Helv. Chim* Acta., 1964, AjJ, 769) were 
ahle to prepare juglone methyl ether (5-methoxy-l,4-naptho- 
quinone) hy oxidation of the adduct of jD-henzo quinone and
i
6-methoxy-a-pyrone with manganese dioxide.
+ co
cot
O M e
This method was considered for the preparation of 
napthazarin, hut the 6-substituted pyrones which would he 
required (methoxy, hromine) did not appear accessible.
(v) Prom the Adduct of Butadiene and -p-Benzoquinone
Napthazarin diacetate (VII) can he prepared hy oxida­
tion of l,ip-di ace toxy- 5? 8-dihydronapthalene (VIII) with 
chromium trioxide (P.P.FARINA, M.LORA-TAMAYO and C.SUAREZ, 
Tet.Lett., 1959, lg> P.FARINA, M. LORA-TAMAYO and C.SUAREZ, 
Anales Real soc. espan fis quim. Ser.B, 19&3* 53.* 1&7; Chem 
Abs.SJ 59, 9920; C.S.CONTRERAS, Rev. Real Acad. Cienc. Exact.
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XJlf*I)iacetoxy-5v8-dihydronapthalene (VIII) is prepared 'by- 
force acetylation of the adduct of butadiene and jp-benzo-
quinpne.
This was a general method and examples are given in the 
papers quoted of the oxidation of methyl and methoxy deriva­
tives of (VIII) on a 6 gram scale.
{An adaptation of the above method using hot potassium 
dichromate and sulphuric acid on 1,4-dihydroxy-5>8-dihydro- 
napthalene and its derivatives had been previously used to 
prepare 1,^-napthoquinones (L.F.FIESER, J. Amer. Chem. Soc., 
1948, JO, 3164; J.WEICHET, J. HODROVA and L.BLAHA, Coll. 
Czech. Chem. Comm., 19649 1975 Chem. Abs., 60, 6798)].
The papers by Farina et al. and the review of Contreras 
gave rather poor practical details and the yields claimed 
could not be realised. For the chromium trioxide oxidation 
stage, directions were given to dissolve the chromium trijr$Me 
in the !minimum? of QOfo aqueous acetic acid. This direction 
is open to two interpretations. We assumed that this meant 
that sufficient 80% aqueous acetic acid was added to just
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dissolve the chromium trioxide. It might equally well he 
argued that what was meant was that the trioxide should he 
dissolved in the minimum of* water and then a glacial acetic 
acid added to bring the mixture to;80$-acetic acid as this 
method requires less solvent. They gave no quantity of 
glacial acetic acid for solution of the acetylated adduct 
(VIII) and it could be that either this was not important 
or that it was as slimed that the minimum possible would be used 
here also. We used the minimum possible of glacial acetic 
acid in this case. We were unable to obtain their yields 
but the only yields quoted appeared to be crude yields. No 
mention was made of the byproducts which we obtained.
.We found that the preparation of (VIII) could be carried 
out more conveniently by the method of L.F.FIESER (J. Amer.
Chem. Spc., 1948, .£0, 3164) followed by acetylation in the 
cola with acetic anhydride and a trace of concentrated sul­
phuric acid. This method was found to be a good method for 
the preparation.of substituted butadiene and butadiene adducts* 
If the adduct carried reducible groups the reduction with 
stannous chloride was omitted and the adduct subsequently 
force acetylated by refluxing with acetic anhydride.
When the adduct (VIII) was oxidised with chromium tri­
oxide at 0° on a 24 gram scale, three products were obtained
-44-
dependent on the quantity of acetic acid used to dissolve 
(VIII), These were napthazarin diacetate (VII) (m.p.l91°$t
2-acetoxy-l,^-napthoquinone (m.p. 128°) and a molecular mix­
ture of (VII) and l?4~diacetoxynapth&lene denoted by us as 
?Compound A * (m.p. 174°)* Using sufficient acetic acid to 
obtain a supersaturated solution of* (VIII), the products wer# 
(VII) and cbsapound A.
Compound A could net be separated into its two components. 
Its infra-red absorption spectrum (nujol) was the sum of the 
absorptions of the components except that the line intensities 
were altered in some cases And two hew Weak absorptions at 
10.5M aild 10.65m- appeared in place of the line at 10.6\x in 
the spectrum of napthazarin diacetate. The nuclear magnetic 
resonance spectrum (at 60 mcs.) was the sum of the spectra 
of its components? and the molecular weight was the average 
of these of its components. Despite these indications 
that the mixture dissociated in solution it was not found 
possible to separate them by crystallization from any common 
solvent, by thin layer chromatography or column chromatograph^ 
on silica -gel. 7 •/ 1
hydrolysis pf compound A ‘gave a mixture from which no 
pure material could be isolated? but napthazarin could be 
identified-in'.some of the hydrolysis mixtures by consideration
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of the ultraviolet absorption spectrum of the mixture and a 
sample was obtained of napthazarin sufficiently pure to obtain 
an infra-red absorption spectrum*
Confirmation of the nature of compound A was obtained by 
consideration of the forced acetylation products, equimole- 
cular quantities of 1,4-diacetoxynapthalene and 1,4,5,8-tetra- 
acetoxynapthalene being found* Finally compound A itself 
was prepared by crystallization of equimolecular quantities 
of napthazarin diacetate and 1,4-diacetoxynapthalene.
When 1,4-diacetoxynapthalene was oxidised with chromium 
trioxide at 0°, the products were starting material and a 
small amount of napthazarin diacetate, or on more vigorous 
oxidation 2-acetoxy-l,4-napthoquinone*
A consideration of the mechanism of chromium trioxide 
oxidation (W.A.WATERS, Trans, Farad. Soc*, 194&* 42, 184) indi­
cated that a major byproduct of the oxidation would be 1,4- 
diacetoxynapthalene• Chromium trioxide in acetic acid is 
an autoxidation catalyst, oxygen being absorbed during the 
reaction. The first step is the abstraction of a hydrogen 
atom from the substrate*
0
0
-1 |6 -
In the oxidation of* (VIII) the first step would give (IX) 
and the second step could he the attack of oxygen to give (x) 
which could then eliminate hydrogen peroxide and aromatise 
to (XIV) or it might eliminate water to form the ketone (XII).
The ketone (XII) could form a radical hy reaction with 
either chromium trioxide or (X), to give, on reaction with 
oxygen and elimination of water, napthazarin diacetate.
An alternative path to 1,^-diacetoxynapthalene (XIV) 
is via the diradical (XIII) which could he formed hy two 
routes from (IX). The formation of napthazarin diacetate 
from l,lj.-diaeetoxynapthaIene would require the abstraction of 
two hydrogen atoms and reaction with oxygen to give (XlVh) 
leading to (VII) via the steps shown or their equivalent#
2-Acetoxy-l,i4.-napthoquinone (XVI) prohahly arises from 
initial attack in the 2-position of (XIV) to give the 2- 
peroxyradical of (XIV) which could rearrange to the per- 
acetate# Dissociation of this to the diradical (XV) would 
he followed hy rearrangement to the ortho-quinone and then 
to the more stable £-quinone#
Farina et al. suggested that napthazarin diacetate was 
formed via the intermediate (XIV) and claimed to have prepared 
napthazarin diacetate from (XIV) hy chromium trioxide oxida­
tion# However, they gave no yields# Repetition of this
-4?-
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experiment "by us gave poor yields of napthazarin? so clearly 
(XIV) is not a major intermediate.
It was found that further oxidation of compound A with 
a large excess of chromium trioxide at 0° gave rise to a 
mixture of (XVI) and napthazarin diacetate (VII). The same 
products were obtained when a saturated solution of (VIII) in 
acetic acid was oxidised at 0° or when the original experi­
ment was carried out on a scale greater than 24 grams. This 
was explained hy assuming that on scaling up the experiment 
or using a large quantity of acetic acid the efficiency of the 
stirring and cooling dropped and conditions were vigorous 
enough for (XVI) to he formed.
In an investigation of the optimum conditions for the 
reaction? the effect of catalysts and inhibitors must be 
taken into account. A survey of the literature indicated 
that bases inhibit the reactions and mineral acids catalyse 
it and allow it to go to completion. Thus chromium(lll) 
acetate? iodine (W.A.WATERS? Trans. Farad. Soc.? 1946? ^2? 
184)? water? pyridine? sodium acetate (J.ROCEK and F.SORM? 
Chem. Listy? 1955* 306; Chem. Abs.? M ’ 9371) ? phosphoric
acid and phosphates (R.SLACK and W.A.Y/ATERS? J« Chem. Soc.? 
1943? I6665 N.T.FARINACCI, U^SgRat., 2,794>813? 1957;
Chem. Abs., j51? 16572) and manganese(ll) sulphate (A.C.
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CHATTERJI and V, ANTONY* Proc. Natl* Acad, 8ci, India? Sect,A,? 
1954* £2(6)* 20; Chem, Ahs., 55? 6987) inhibit? and sulphuric 
acid catalyses the reaction.
Water and sulphuric acid were used as inhibitor and 
catalyst respectively. The product from a run using 60$ 
aqueous acetic acid to dissolve the chromium trioxide resulted 
in an increase in the proportion of 1,4-diacetoxynapthalene 
in the product and addition of sulphuric acid (2 %$ w/w) had 
little effect. The results of these experiments indicated 
that Farina’s conditions were optimum,
(vi) Attempted Preparation of the Adduct of Furan and p-
A final possible method of preparation of napthazarin wss 
the oxidation of the adduct of jD-benzoquinone and furan. 
However? we were unable to prepare the adduct, M,L,BURSTALL 
(D,Phil. Thesis? Oxon? 1957) and C*S.CONTRERAS (loc.cit.) 
also failed to prepare the adduct of substituted furans and 
jD-benzoquinone despite the fact that the adduct of furan and 
maleic anhydride has been prepared (O.DIELS and K,ALDER? Ann, ? 
1931. J±22> 243).
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CONCLUSIQNS
To sum up, no suitable laboratory large (100 g.) scale 
preparation of napthazarin was found* Attempted repetition 
and/or upscaling of published method revealed impossibility 
of duplicating yields [ (ii) a, (ii) b, and (v)], practical 
hazards of large scale working [(ii) a, and (iii)], and the 
formation of byproducts, now identified, in sufficient 
quantities to reduce the yield and cause purification 
problems [ (v) ’J* Two new methods [ (i) and (vi)’Jwere attempted 
without success*
The most convenient preparation was the condensation 
of maleic anhydride and quinol in a fused aluminium tri- 
chloride-sodium chloride melt ((ii) a], in small (10 g.) 
batches, combining the product from many runs for working 
up*
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PART II
r
PREPARATION OF NAPTHAZARIN DERIVATIVES
(i) Formvlderivatives
(a) Rb.imer-Tiemann Reaction
Attempts were made to prepare 2-formylnapthazarin by 
the method due to K.REIMER and F.TIEMANN (Ber., 1876, 824?
1285) as given in Org* Synth*, Coll* Vol*III, p*463* Starting 
material was recovered* It is loiown that phenols carrying 
carbonyl and other electron withdrawing groups give reduced 
yields of aldehydes hy this method*
No examples have been found of the successful use of 
this reaction with hydroxynaptho quinone s hut it has heen 
carried out on l-methyl-2-napthol (R.M.DODSON and V/.P.WEBB,
J* Amer* Chem* Soc*, 1951? 22? 2767)*
(h) Duff Reaction
The method due to J*C.DUFF (J. Chem* Soc* > 1941? 547; 
ibid., 1945, 276) in a modified form (L.M*LIGGETT and
H.DIEHL, Proc. of the Iowa Acad* of Science, 1945? 191;
Chem* Ahs*, J^ L, 110) was attempted on napthazarin. The 
product was a tar; no material was isolated hy steam dis­
tillation or solvent extraction.
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(c) Allylic Bromination of Methylnanthazarin 
A good alternative approach seemed to he via the brom«- 
methyl derivative which could he prepared hy allylic bromina- 
tion of methylnapthazarin (cf. K . ZIEGLER * A.SPATH, E.SCHAAF, 
W.SCHIJMANN and E.WINKELMANN, Arm.# 1942, J|5|, 80).
The methods of preparation of methylnapthazarin were 
then investigated with a view to preparing methylnapthazarin 
on a large scale. These (known) methods were :
C&) *Vda the adduct of butadiene and toluquinone, and 
(B) condensation of toluquinol and maleic anhydride.
(A) Via the Adduct of Butadiene and Toluquinone
The review of C•S•CONTRERAS (loc.cit) indicated that 
methylnapthazarin diaeetate could he prepared in 3 0 % yield 
from 5*8-dihydro-l,4-diacetoxy-2-methylnapthalene (XVII) hy 
chromium trioxide oxidation. The adduct (XVII) was prepared 
hy acetylation of the adduct of butadiene and toluquinone.
We obtained a 30$ yield of a mixture of methylnapth­
azarin diacetate ( *^10$ yield) and a crystallizable product, 
'Compound B f, composed of one mole of methylnapthazarin 
diacetate to two moles of 2-methyl-l,4-napthoquinone. Com­
pound B could he crystallized from all common solvents, and 
chromatographed on a thin layer plate as a single spot.
Nuclear magnetic resonance measurements on compound B confirmed
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the structure assigned. Further confirmation was obtained 
by forced acetylation of compound B, when 2-methyl-l,4j5>8- 
tetra-acetoxynapthalene and l,4-diacetoxy-2-methylnapthalene 
were obtained in molecular proportions of approximately one 
to two*
It is interesting to note that unlike the case of 1,4- 
diacetoxynapthalene (XIV), the product of further oxidation 
was in this instance 2-methyl-1,4-napthoquinone rather than 
the expected 3-acetoxy-2-methyl-l,4-uapthoquinone. It is 
possible that this is due to adverse steric effects*
As toluquinone is not very easily accessible and is 
expensive this preparation was considered to be unpromising*.
(B) By Condensation of Toluquinol and Maleic Anhydride
Methylnapthazarin was prepared by condensation of 
toluquinol and maleic anhydride in an aluminium trichloride- 
sodium chloride melt (J.W.H.LUGG# A. K.MACBETH and F.L.WINZOR, 
J. Chem* Soc., 1936, 1457). The product was purified by 
sublimation, and then recrystallization from 96$ ethanol 
(chromatography of the acetylated reaction mixture was not 
practical as a tarry byproduct interfered)• This was found 
to be a convenient method and was carried out in small 
batches, working up the reaction mixtures from several runs 
together as was done in the case of napthazarin.
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Allylic Bromination Attempts
Three methods were tried in the attempts to prepare 
2-bromomethylnapthazarin diacetate (XIX) hy allylic "bromina­
tion of methylnapthazarin with N-bromosuccinimide in carbon 
tetrachloride using different catalysts* Benzoyl peroxide, 
and azobisisobutyronitrile were used without success. When 
light initiation was used, however, the reaction went in 
80$ yield to give (XIX).
The bromide (XIX) was found to be unstable in solution 
but more stable in acetic anhydride solution than in other 
solvents. Advantage was taken of this fact to design an 
efficient isolation procedure. It was also found that the 
relatively pure solid was unstable, noticeable decomposition 
being observed after two weeks standing.
It was subsequently found that in the course of a paper 
on benzotropones, A.J.S.SOKRIE and R.H.THOMSON (J. Chem. Soc.♦ 
1955* 2238) had attempted the allylic bromination of methyl­
napthazarin diacetate using benzoyl peroxide as catalyst and 
failed. . They were able to prepare 2-bromomethyl-3~bromo- 
napthazarin diacetate from 3-"bromo-2-methylnapthazarin 
diacetate using benzoyl peroxide.
Preparation of Derivatives of 2-Bromomethylnapthazarin
(i) Attempts to prepare 2-formylnapthazarin
A survey of the possible methods for the conversion of 
(XIX) into 2-formylnapthazarin was made.
The commonest method was that due to M.SOMMELET (Compt. 
Rend., 1913* 157, 852) via the hexamethylene tetramine salt, 
and several variants were found (K.B.WIBERQ, Org. Synth..
Coll. Vol.Ill, p.811; H.M.DOUKAS, J. Chem. Ed., 1954, Jjl* 12 
and E.W.DUNN, T. D. WAUGH and D.DITTMER, J. Amer. Chem. Soc., 
1946, 68, 2118).
A group of methods was available using organic nitro 
compounds in the presence of bases. 2-Nit ro pro pane and 
sodium ethoxide has been used to effect the conversion 
(H.B.HASS and M.L.BENDER, ’ J. Amer. Chem. Soc., 1949* Z|, 1767). 
2-Nitropropane and sodium hydroxide in ethanol (D.B.SPOELSTRA, 
S.H.WEBER and R.J.C.KLEIPOOL, Rec, Trav. Ohim., 1957, JJ6,
205), and nitrocyclohexane and potassium hydroxide in iso­
propanol and water [I.N.NAZAROV et al., J. Gen. Chem. (U.S.S.R^, 
1959, 22, 3965; Chem. Abs., 54, 21170] have also been used.
An aldehyde can also be prepared from a bromomethyl 
compound by hydrolysis of the nitrato compound formed by 
double decomposition of the bromocompound and silver 
nitrate (R.L.LETSINGER and J.D.JAMISON, J. Amer. Chem.v 
Soc., 1961, 85, 193) or by hydrolysis of the tosyl compound
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prepared in an analogous manner from the bromomethyl deriva­
tive (N.KORNBLUM, W.J.JOKES and G.J.ANDERSON, J. Amer. Chem. 
Soc., 1959. 81, UU3).
Iodomethyl compounds have been converted into aldehydes 
hy treatment with dimethyl sulphoxide at 1^0° (I.M.HANS- 
BERGER and J.M.TIEN, Chem. and Ind., 1959, 88).
Alcohols can he prepared hy treatment of methylene 
nitrato compounds (R-CHgNOg) with lithium aluminium hydride 
(L.M:*S0FFER, E.W.PARROTTA and J. DI DOMENICO, J. Amer. Chem. 
Soc., 1952, Iks 5301)* The alcohol could then be oxidised 
to the aldehyde.
The method of Sommelet was attempted with 2-bromomethyl- 
napthazarin. The bromo compound (XIX) was treated at room 
temperature with hexamethylene tetramine in chloroform. 
Attempts to hydrolyse the hexamine salt failed.
The method of Letsinger and Jamison was tried. The 
nitrato compound was prepared hut hydrolysis afforded a
r  ■ - - -
mixture of compounds, insoluble in chloroform hut soluble 
in dioxan.
It was suspected at this stage that (XIX) was sensitive 
to alkali and indeed trial hydrolysis experiments on (XIX) 
always gave mixtures of chloroform insoluble products. It 
was felt that 2-hydroxymethylnapthazarin should be soluble
58-
in chloroform* It is known that hydroxy groups in the 
2-> 3 - 9  6 - or 7 - positions impart insolubility to napthazarin 
derivatives so it was thought that probably a hydroxy group 
had been introduced into the 3-position during the hydrolysis.
(ii) Derivatives of Bromomethylnapthazarin
Hydrolysis of (XIX) in ethanolic potassium hydroxide 
again afforded an inseparable mixture. However, the mixture 
was chloroform soluble and the nuclear magnetic resonance 
spectrum indicated that the ma^or component of the mixture 
was 2-ethoxymethylnapthazarin diacetate (after acetylation).
Reductive acetylation of (XIX) with zinc and acetic 
anhydride gave a product to which it has not yet been possible 
to assign a structure. Ultimate analysis was consistent at 
C? 50.5* 50.5; H, k*S9 Possible formulae calculated
from these figures were not supported by the n.m.r. spectrum. 
However? the product was insoluble in chloroform and the 
n.m.r. spectrum was obtained in trifluoracetic acid and may 
not be meaningful. The general insolubility of the product 
precluded molecular weight measurements by vapour phase 
osmometry.
CONCLUSIONS
It has not been found possible to prepare 2-formyl- 
napthazarin. Use of Reimer-Tiemann and Duff reactions led
to intractable products, and 2-bromonapthazarin was found to 
tie so reactive that unwanted side reactions occurred very 
readily* Although 2-bromomethylnapthazarin diacetate was 
made successfully from methylnapthazarin the latter could 
not he made on a large scale from toluquinone (expense) and 
butadiene, and from toluquinol and maleic anhydride the same 
problems were found in upscaling as were found with the 
analogous preparation of napthazarin*
(b) Attempts to -prepare Aceto-derivatives of Napthazarin
Four possible routes to 2-acetonapthazarin were in­
vestigated*
(i) Via the adduct of 2-aceto-p-benzoquinone and 
butadiene
A fesaible route to 2-acetonapthazarin seemed to be by 
the general method of C.S.Contreras (loc*cit*)
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The synthesis was accomplished to the intermediate (XX) 
hut we were unable to carry out the oxidation step success­
fully, the product being an intractable mixture from which 
no crystalline material could be isolated. Treatment of 
the product with concentrated sulphuric acid gave no red col­
oration, transient or otherwise. If 2-acetonapthazarin 
diacetate was present then it would be expected that the aceto 
group would be cleaved and the resulting napthazarin give a 
stable red coloration. Solution in alkali gave a pale green 
rather than a blue coloration, indicating again the probable 
absence of napthazarin derivatives. Further indications 
were obtained from forced acetylation experiments. No re­
latively insoluble high melting solid could be isolated from 
the intractable mixture obtained indicating the probable 
absence from the mixture of tetra-acetoxynapthalene deriva­
tives,
The compound (XX) was a new compound. Satisfactory 
n,m,r, data and elemental analyses were obtained for it.
The first stage of this attempted synthesis was the 
oxidation of quinacetophenone to 2-aceto-^-benzoquinone. It
was found that the only method quoted in the literature for 
the oxidation of quinacetophenone was by silver oxide oxida­
tion (N.N.V0H02HT0V and V.P.MAMLEVY Sbornik Statei Obshchei
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Khim. Nauk. S.S.R., 1953> 1» 533; Chem. Abs.. |g|, 925; 
M.C.KLOETZEL, R.P.DAYTON and B.Y.ABABIR, £. Org. Chem.,
1955, 20, 38), and in view of the expense of this reagent 
we investigated a series of oxidising agents with a view to 
finding a cheaper method.
Oxidation with dimethyl sulphoxide and acetic anhydride 
(cf. J,D. ALBRIGHT and L.GOLDMAN, J. Amer. Chem. Soc.» 1965, 
4214) was attempted. No reaction occurred at room temp­
erature and at 80° the dimethyl sulphoxide decomposed, poss­
ibly to an acetyldimethyl sulphide (cf. K.ONODERA, S.HIRANO, 
N.KASHINORA and T.YAJINA, Tett. Lett., 1965, 4327). Oxida­
tion with sodium chlorate and vanadium pentoxide (cf. A.I. 
VOGEL, "Practical Organic Chemistry", 3rd ed., Longmans, 
p.746), ferric chloride in benzene-water, or ethanol, nitric 
acid in glacial acetic acid (cf. G.SCHILL, Ger. Pat.
1,170,924; Chem. Abs., 6l» 9439) of the quinol or its di­
methyl ether, manganese dioxide in ether or chloroform, 
aqueous nitric acid in ethanol (cf. W.BAKER, J. Chem. Soc., 
1941, 665) of the dimethyl ether, and hydrogen peroxide in 
glacial acetic acid (cf. D.BRYCE-SMITH and A.GILBERT, J. Chem. 
Soc., 1964, 873) were tried without success. Oxidation of 
quinacetophenone with chromium trioxide (cf. A.I.VOGEL, 
"Practical Organic Chemistry", 3rd ed., Longmans, p*745) gave 
a quinhydrone as product«
Condensation of quinacetophenone or quinacetophenone 
dimethylether with maleic anhydride was attempted in an 
aluminium trichloride-sodium chloride melt* A small amount 
of red material was formed hut too little to he isolated.
The preparation was repeated using quinol diacetate instead 
of quinacetophenone. We hoped that the quinol diacetate 
would undergo a Fries rearrangement and then condense with 
the maleic anhydride. The only product was quinacetophen­
one which is insoluble in the fusion mixture and which pre­
cipitated out.
An alternative approach would he to condense the quin­
acetophenone and maleic anhydride to the substituted 
(3-benzoylacrylic acid and ring close this with perhaps 
polyphosphoric acid.
azarin and its derivatives
The Friedel-Crafts acylation of napthazarin, napthazarin 
diacetate and 1,4,5,8-tetra-acetoxynapthalene was investigated 
using acetyl chloride in carbon bisulphide or nitrobenzene 
with anhydrous aluminium trichloride as catalyst. Starting 
materials were recovered even when attempts were made to move
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the equilibrium in favour of the acylated material by flushing 
the hydrogen chloride formed, from the solution with carbon 
dioxide.
Further work might be carried out on the acylation, 
using boron trifluoride as Lewis acid, of napthazarin or 
napthazarin dimethyl ether.
(iv) Fries rearrangements of napthazarin derivatives
The possibilities of a Fries rearrangement was investi­
gated for napthazarin diacetate and 1,U,5,8-tetra-acetoxy- 
napthalene, using aluminium trichloride as Lewis acid, under 
three sets of conditions, with nitrobenzene as solvent, with 
no solvent, and in an aluminium chloride-sodium chloride 
melt. The total products were acetylated for ease of hand­
ling, but no aceto esters were obtained. An unexpected 
product from napthazarin was napthazarin monoacetate, the 
free hydroxyl group persisting through the reacetylation 
procedure. The structure of this new compound was confirmed 
by n.m.r. measurements, but all attempts to obtain it deliber­
ately from napthazarin failed.
It was decided either that aluminium trichloride was not 
a sufficiently strong Lewis acid to catalyse the reactions 
or that working up procedures required the presence of hydro­
chloric acid of sufficient strength to cleave any aceto
-62+-
groups introduced*
We then considered the possibility of using a stronger 
Lewis acid as catalyst* In ’Priedel-Crafts and Related 
Reactions1 (ed. G.A.OLAH, Interscience, 1964? Vol.III,pt.I, 
p«2+99) the following rough list of the efficacy of Lewis 
acids in the Pries rearrangement was given j 
AlCl^, SnCl^, TiCl^ > ZnCl2
No list to include the boron halides could be found*
If, as it is possible, aceto groups were introduced by 
the methods used but were cleaved by mineral acid during work­
ing up, then other catalysts, such as zinc chloride, might 
be tried in hopes that the metal halide would form a weak 
complex with napthazarin which could be decomposed by simply 
pouring onto ice, rather than the heating with hydrochloric 
acid required to break the aluminium chloride complex.
In 1965 a note was published by E.I.SINGE et al*(J» 
Amer.Chem* Soc., 1965, 87, 2+023) concerning the Pries re­
arrangement, on milligram quantities, cf substituted 1,2+, 5,8*- 
tetra-acetoxynapthalenes using boron trifluoride as Lewis 
acid catalyst, in acetic acid. This method was then tried, 
at room temperature and at 80°, on 1,1+,5,8-tetra-acetoxy- 
napthalene. At 80° a good yield of an orange compound, 
resembling napthazarin in solubility and infra-red absorption
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spectrum* was obtained together with an impurity. If* a 
little acetic anhydride was added to the reaction mixture, the 
yield of orange compound was quantitative. The orange com­
pound was found to he 5,8-dihydroxy-1,3-dimethylnaptho-
[ 2,3-c ]furan-Aj.>9-quinone (XXI; R = R 1 - H; G1UH10°5^ *
OR 0 c H j
m
QK. Q CH
The monoacetate (XXI; R = Ac, R* = H) and the diacetate 
(XII; R = R 1 = Ac) were also found as byproducts.
The n.m.r. spectrum of (XXI; R = R ’ = H) consisted of
three singlets; at -3«10 ^assignable to the two chelated 
hydroxyl protons; at 2.8U Cf assignable to the two aromatic 
protons; and at 7.27 L assignable to the six methyl protons 
at an(i It was noted that the n.m.r. data could
equally well be correlated with the structure (XXII)
OH ' O
xxli
oH o
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The more readily expected product is the diketone
(XXII)* It would he anticipated that this would he red in 
colour as there is no precedent for assuming that the intro­
duction of aceto groups would shift the visible absorption 
towards the ultraviolet* In fact the ultraviolet and 
visible absorption spectrum of (XXI) more closely resembled 
that from a ouglone (5-hydroxy-l,Ij.-napthoquinone) structure*
Compound (XXI; R = R f = H) was found to be stable in 
concentrated sulphuric acid solution and so it was felt that 
confirmation of the furan structure was necessary* It has 
been found that furan derivatives carrying electron withdraw­
ing groups are stable in strong acids (H.GILMAN* Rec* Trav* 
Chim*» 1932> J519 76l) 2? 3~Diniethylfuran-3?U~carboxylic acid 
(H.GILMAN and R.R*BURTNER, ibid*, t>*658: Chem* Abs*» J>|,
5 5 5 3 ) and its dimethyl ester were prepared as model compounds* 
These were found to be stable under the same conditions as 
compound (XXI; R = R* = H) • However> it was noted that the 
protons of the 2,5-methyl groups gave rise to an n*m*r.signal 
at 7*57 L r appreciably different from that in the spectrum of 
(XXI; R = R f = H).
The explanation of this discrepancy is that in the 
napthofuran derivative the 1- and 3-niethyl groups are held 
rigidly in the region of negative shielding of the quinone
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carbonyl groups whereas in the case of dimethyl 2, 5-<31niethyl' 
furan-3,4-dicarboxylate the carhonyl groups are free to 
rotate and the shielding effect is averaged out. Thus, the 
nuclear magnetic resonance signals due to the 1,3-dimethyl 
protons of (XXI; R = R* = H) would he expected to he down- 
field from the corresponding signal from the model compound 
as indeed is the case. Clearly a better model would be a 
furan in which the carhonyl substituents were held rigid by 
their incorporation in a ring.
Further confirmation for structure (XXI; R = R* = H) 
was gained from the observation that diethyl a, (3-diaceto- 
succinate (L.K.KNORR and F.HABER, Ber., 1894* 1151) could
be cyclised in boron trifluoride and acetic acid to diethyl
2,3-dimethylfuran-3?4~(iicarboxylate; these reaction con­
ditions are those used for the preparation of (XXI).
The absence of substituents in the benzenoid ring of 
(XXI) was confirmed by the degradation (cf. G-. di MODICA and 
S. TIRA, Gazz. Chim. Ital., 195^, .86, 234; Chem. Abs., 51, 
3538) of the dimethyl ether (cf. K.BRASS, R. PLUGER and
e.g.
0 CH
K.HORHSBERG, Ber., 1936, 80} (XXI; R = R ’ = Me) to give
3»6-dimethoxyphthalic acid which was characterised as its 
anhydride (B.HELFERICH, Ber., 1921. 5j±, 157). The identity 
of this degradation product was confirmed by n.m.r. measure­
ments and by its independent preparation by oxidative degrada­
tion of napthazarin dimethyl ether.
The diacetate (XII; R = R* = Ac) has been prepared and 
satisfactory analyses were obtained. N.m.r. data was 
consistent with its formulation as the diacetate (XXI; R = R r 
= Ac). Satisfactory analyses were also obtained for the 
monoacetate (XXI; R = Ac, R f = H) and n.m.r. data obtained 
which were consistent with this formulation.
When the Fries rearrangement was carried out on 
1,4,5,8-tetra-acetoxynapthalene using less boron trifluoride 
a mixture of (XXI; R = R f = Ac) and starting material was 
obtained.
Alkyl substituted naptho [2,3-£] furan have been pre­
pared by L.V. NIGHTINGALE and B.SUKORNICK (J. Org. Chenu, 1959, 
££t> h97) by reaction of 2,5-dimethyl or diphenylfuran-3,4- 
dicarboxylic acid with alkylbenzenes.
Of the methods tried, to introduce aceto groups by the 
Fries rearrangement of the quinol acetates, that with boron 
trifluoride seemed the most promising for further work.
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CONCLUSIONS
A preparation of 2-acetonapthazarin has not been 
found. Oxidation of the adduct from butadiene and aceto-js- 
benzoquinone yielded no napthazarin derivative, and the 
quinone was itself difficultly accessible.
In the Fries rearrangement of napthazarin derivatives 
with aluminium trichloride, the hitherto unknown napthazarin 
monoacetate has been obtained; this is not yet accessible 
by any other route. In a rearrangement with boron trifluoride, 
a symmetrical napthofuran, 5*8~dihydroxy~l,3-dimethylnaptho- 
[ 2,3-c]furan~4,9-quinone, has been obtained and its chemistry 
appraised. This product evidently arises from a double 
Fries rearrangement, both substituents entering the same 
ring; followed by condensation involving the two aceto 
groups to establish the furan nucleus. The reaction con­
ditions have been found capable of inducing a similar 
condensation of diethyl a,^diacetosuccinate.
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PART III
NUCLEAR MAGNETIC RESONANCE STUDIES OP 
HYDROXmAPTHOQUINONES
We have applied n.m.r. studies to two, of the funda­
mental problems of napthazarin chemistry. These are the 
position of the substituents in the nucleus in napthazarin 
derivatives and the status of the rings in napthazarin itself.
The Position of Substituents in Napthazarin Derivatives
As was discussed in the section ’Aims of the Work*
(p.4 ) the classical approach to the problem of the identity 
of the rings was the consideration of ozonolysis data and 
oxidation-reduction potential measurements.
We found that for monosubstituted napthazarins the 
position of the substituent could be easily identified by con­
sideration of the positions of the n.m.r. signals for the 
ring protons. It was found that in unsymmetrical napth­
azarin derivatives* such as methylnapthazarin* n.m.r. ring 
proton signals occurred at ca. 3*1 and 2.81X  (from tetra- 
methylsilane). Clearly the protons giving rise to a signal 
at 2.81 “t are those deshielded by the aromatic ring and the 
3«1 f  signal results from proton(s) deshielded by a carbon- 
oxygen and carbon-carbon double bond in conjugation. The
-71-
integral of the n.m.r. spectrum indicated, two protons giving 
rise to a signal at 2.81 f  and one giving rise to a signal 
at 3«1 . Thus the structure of methylnapthazarin is
(XXIII)*
O H  O
c h 5
XXjjJ
Further confirmation was obtained by study of the 
second order coupling between the methyl group and the quinoid 
ring proton* The signal due to the ring proton is a quartet 
(J = 1.2 c.p.s.) and the methyl signal is a doublet (J =
1.2 c.p.s.). There are no other signals assignable to ring 
protons so in solution methylnapthazarin exists exclusively 
with the substituent in the quinoid ring. This is in agree­
ment with ozonolysis experiments (H.BROCKMAOT and K.ROTH* 
Naturwis. > 1935* 23? 2l|£). The substituents in methyl­
napthazarin diacetate and 2-bromomethylnapthazarin diacetate 
were also found to be in the quinoid ring.
With polysubstituted napthazarins, it is possible only 
to assign ring protons to the quinoid or benzenoid ring pro­
vided that suitably hydroxyl substituted napthazarin
O
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derivatives are used as model compounds, as further hydroxyl 
substitution of napthazarin causes the ring proton signals to 
move upfield. It is only possible to determine the relative 
positions of substituents in special cases.
The possibility of assignment of substituents to a 
certain ring by consideration of their chemical shifts in the 
quinoid and benzenoid ring was investigated and found to be of 
limited use. From the data available (E.WIDMER, et al.,
Helv. Chim. Acta, 1965? 538; S.NATORI, Y.KUMADA and
H.NISHIKAWA, Chem. Pharm. Bull., 1965, ljj, 633; J.H.BOWIE, 
D.W.CAMERON, P.E.SCHtfTZ, D.H.WILLIAMS and N.S.BHACCA, Tett., 
1966, 2g, 1771; G.B.MARINI-BETTOLO, C.G.CASINOVI and C. 
GALEPFI, Tett. Lett.. 1965, ^2, 4857) it was found that it 
might be possible to assign alkyl groups as the n.m.r. signals 
due to the alkyl protons on the a - carbon atom of the group 
were in general at higher ~C values if the substituent re­
sided in the quinoid ring 7*8 T  for methyl) than if they 
resided in the benzenoid ring (^7*7 £ for methyl) although 
there is as yet relatively little data available for generali­
zations to be drawn. Substituents attached to the ring via 
oxygen or carbonyl functions are effectively insulated from 
the ring and no correlations are possible, the slight differ­
ences in shift's (from T.M.S.) being within experimental error.
The Status of the Ring Protons in Napthazarin
The fundamental problems of the structure of napthazarin 
are these: whether it is exclusively a 5?8-dihydroxy-l,4-
nap tho quinone; whether it is a tautomeric mixture of 5»8- 
dihydroxy-1,4-nap tho quinone and the l,4-dihydroxy-5>8-quinone; 
whether it is exclusively a 4*8-dihydroxy-l,5-quinone; whether 
it is a tautomeric mixture of the 4>8-dihydroxy-1,5-quinone 
with the l,5-dihydroxy-4,8-quinone; or whether it has some 
other structure.
The 60 mcs. n.m.r* spectrum of napthazarin in deutero- 
chloroform shows two peaks only; one at -2.39 (2H) which
was assigned to the chelated hydroxyl protons; the other at 
2.88 4(4H) which was assigned to the ring protons. The 
corresponding signals from the 2,3-pnotons in 1,4-diacetoxy- 
napthalene and in 1,4-napthoquinone are at 2.70 and 3*20 T7 
respectively.
This result rules out any unsymmetrical structure for 
napthazarin, and suggests that the molecule takes up some 
symmetrical hybrid structure, or that we are dealing with a 
tautomeric mixture of the 5,8-dihydroxy-l,4-<auinone and the
l,4-dihydroxy-5j8-quinone with inter conversion being so rapid 
that the n.m.r. signals average out to the value found. 
Electron spin resonance measurements on napthazarin indicate
-71+-
a symmetrical structure (Personal communication from Dr.
R. Grinter)•
This is difficult to reconcile with the conclusions, 
"based on infra-red absorption spectroscopy of solutions, by 
R.BLINC, D.HABZI and E.PIRKMAJER (hydrogen Bonding’ ed.
D. HADZI, Pergammon, 1959» PP*333-338; cf. also D.B.BRUCE and 
R.H.THOMSON, J. Chem. Soc•, 1955> 1089) that the hydrogen 
bonds in napthazarin are asymmetric. However, the experi­
mental observations cited may be capable of alternate explana­
tion.
In dimethyl sulphoxide the spectrum of napthazarin 
consisted again of only two peaks. In this case the signal 
from the ring protons was broadened and stretched from 2.6 
to 3*1 t . This indicates that the extremely powerful hydrog­
en bonding of the hydroxyls to the solvent is forcing the 
napthazarin molecule to take up the l,I+-quinone structure to 
some extent.
A similar case has been reported by S.NATORI et al.
(loc. cit.) for mompain (2,7~<iikydnoxynapthazarin). The 
n.m.r. spectrum (? at 60 mcs.) in dimethyl sulphoxide exhibits 
two singlets, one at -3»1 which was assigned to the protons 
of the chelated hydroxyls [at C(5) and C(8)] and the other 
at 3*69 Twhich was assigned to the ring protons, no line
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broadening was mentioned, A similar spectrum was found for 
the 2,7-dimethyl ether of mompain although in this case the 
two chelated hydroxyls gave rise to separate n.m.r.signals.
In the case of 3,8-&ihydroxy-l,3-dimethylnaptho[ 2,3-e-] 
furan-4,9-quinone there are two unsubstituted ring protons 
in the napthazarin residue [at 0(6) and 0(7)] the n.m.r. 
signal from these appears as a singlet (2H) at 2.84^.
Thus, it follows that in substituted napthazarins, if 
the napthazarin hydroxyls are free, the ring protons will 
show the same shifts (from T.M.S.) only when the substituents,, 
are identical and either occupying the 2,3-? 6,7-? 2,7- or , 
2,6-positions. In the former cases, the values of the 
shift (from T.M.S.) gives an unambiguous choice of unsub­
stituted benzenoid or quinoid ring.
It is found that if one or both chelated hydroxyl 
groups are broken by esterification or etherification the 
equivalence of the ring protons is lost. Thus napthazarin 
monoacetate affords an n.m.r. spectrum containing five ring 
proton signals; a singlet at 2.86 "C due to the benzenoid 
ring protons and an AB quartet at 3«17 and 3«06'C'(with 
coupling 10 c.p.s.) assigned to the quinoid ring protons.
In dimethyl sulphoxide at 70° (60 m.c.s.) both the benzenoid
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and quinoid ring protons give rise to double doublets. An 
exactly similar situation occurs with the monoacetate of 
the dihydroxynapthofuran.
With the diacetates or dimethyl ethers the two rings 
also become permanently non-equivalent, and the ring 
protons become clearly either benzenoid or quinoid res­
pectively.
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E X P E R I M E N T A L
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All melting points are uncorrected#
Microanalyses were carried out by Alfred Bernhardt in 
MtLlheim, Germany#
Chromatography was carried out on columns prepared from 
silica gel, neutral, activated according to H.BROCKMANN and 
W.m OlLER (Chem*Ber., 1958, Jd, 1920), The solvents used were 
benzene (sodium dried) and pure chloroform (dried over calcium
chloride and redistilled, the fraction boiling 60-60.5° being
. V
/taken); the technique was to add progressively larger per­
centages of chloroform until a band moved.
Thin layer chromatography was carried out on silica gel 
plates prepared by the Chromatography Section of the Depart­
ment and the above solvents were used as developing agents# 
Unless otherwise stated nuclear magnetic resonance 
measurements were made by either Miss Lovenack on a Varian 60 
m.c.s. machine or by Mr. Bloxsidge on a Perkin-Elmer R.10 60 
m.c. s. machine at using tetramethylsilane as an internal 
standard. (The tetramethylsilane signal is taken as lot).
Preparations of Napthazarin
(l) From p-Benzoquinone and Cyclopentadiene
5* 8»9»lO-T&ti^ahydro- 5,8-methano-l, ^ -naptho quinone, 
m.p. 77-78° was obtained in 66% yield by the method of
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W. ALBRECHT (Ann#, 1906, 3l).
9»10-Diacetoxy-l,k» 5,8-tetrahydro-l,k-methano-5,8- 
methanoanthracene • The methanonapthoquinone 
(20 g#) in acetic anhydride (100 ml#) was btiled 
under reflux for two hours, the solution was cooled and con­
centrated to half volume# The solid (16 g. m#p.215°) was 
filtered off, washed and dried# Recrystallization from 
glacial acetic acid gave 9»10-diacetoxv-l9k»5,8-tetrahydro- 
l,k-methano-5,8-methanoanthracene as needles, m#p# 23k»5- 
235°. (Found: C, 73.9 ; H, 5.6 C20H180^ requires C, 13*9;
E, 5.550.
The methanoanthracene (6 g.) suspended in glacial 
acetic acid (100 ml.) was added dropwise over one hour to a 
vigorously stirred solution of chromium trioxide (10 g.) in 
aqueous acetic acid (80% kk ml#), the mixture being cooled 
with ice and salt. After further cooling and stirring the 
solution for four hours, it was stirred overnight and during 
this time allowed to attain room temperature* In the morning 
the mixture was poured onto ice water with stirring. After 
stirring for one hour the mixture was filtered. Only 
starting material was recovered#
The above experiment was repeated but in this case 
without cooling# At the end of the reaction the mixture 
was poured into water as before and the solution extracted
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with ether. On removal of the ether quinol diacetate (m.p. 
123-124° after crystallization from glacial acetic acid) 
was obtained*
The experiment was again repeated. In this attempt 
the mixture was cooled, but instead of 80% aqueous acetic 
being used, 80% aqueous acetic acid containing sulphuric acid 
(98%, 1*5 nil.) was used to dissolve the chromium trioxide.
The only product isolated was quinol (m.p* 170-171® after 
recrystallization from acetone).
A solution of chromium trioxide (40 g.) in water (80 ml.) 
was added dropwise to a stirred suspension of the methano- 
anthracene (10 g.), in glacial acetic acid (100 ml*), during 
one hour. The mixture was allowed to stand for twenty-four 
hours. On testing a sample of the mixture, only starting 
material was found. The remaining reaction mixture was 
warmed at 40° for half an hour* On pouring the mixture into 
water a small amount of solid was obtained. This was found 
to be starting material.
(2) From Succinic Anhydride and Q.uinol
Succinic anhydride (25 g»)> quinol (10 g.) and ortho- 
boric acid (7*5 g*) were dissolved in sulphuric acid (98%,
125. ml.) and the mixture heated at 120° for eight hours 
(H.DREYFUS, Fr. Pat., 667,917, January 19295 Chem. Abs.*2j.
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1393)* The red solution was cooled and poured onto ice.
The product separated as a dark hr own solid which was puri­
fied by dissolution in boiling water (500 ml.)* the undissolv­
ed solid being rejected. Dark red crystals separated on 
cooling which were insoluble in chloroform. No napthazarin; 
could he isolated from this material.
(3) From 1* 5-Dinitronapthalene
The method of C.KURODA and M.WADA (Sci. Papers. Inst.Bars. 
Chem. Res. Tokyo. 1938* 3h» 17h0| Chem. Abs.* 33* 2511) was 
used hoth to prepare the dinitronapthalene and to oxidise it 
to napthazarin. The yield given in Kuroda’s paper (60$) was 
obtained on a two gram scale. On an eight gram scale the 
yield dropped to 52$.
(h) From 1 * h-Diacetox.y-5» 8-dihydronapthalene
l*li.-Dihydroxy-5> 8-dihydronapthaIene was prepared by the 
method of L.F.FIESER (J. Amer. Chem. Soc.» 19h8» 70* 3l6h)•
19 U-Di acetoxy- 5»8-dih.vdronapthalene-. A mixture of 
l,h-dihydroxy-5,8-dihydronapthalene (30 g.) and acetic 
anhydride (200 ml.) was refluxed for two hours (giving a 
clear solution). The Solution was allowed to cool and poured 
onto ice. The white solid (m.p. 110°) was filtered off* 
washed with water and dried. The product crystallized from
r.82-1
glacial acetic acid as hard needles (m.p. 133-134°* 38.4 g.)* 
The melting point corresponded with that recorded by C.S. 
CONTRERAS (Rev* de la Real* Acad* de Ciencas Exact* Fis. Nat* 
Madrid* 1963* 38$; Chem. Abs., 60, 9211).
Chromium Trioxide Oxidation - A solution of chromium 
trioxide (44 g.) in 80$ acetic acid (200 ml.) was cooled to 
0° and vigorously stirred. To this a solution of 1,4- 
diacetoxy-5*8-dihydronapthalene (24 g*) in glacial acetic 
acid (200 ml.) was added dropwise so that the temperature re­
mained at 0°; stirring was continued for five hours with 
cooling, and then over-night allowing room temperature to he 
attained. The mixture was poured into ice water (2 3.) and 
stirred until no further solid separated (1-5 hr.) The solid 
(6.6 g.) was chromatographed on silica gel in chloroform to 
yield from the first band a compound which was denoted Com­
pound A (3*6 g.), and then napthazarin diacetate (3*0 g.)*
On scaling up for 96 g. of l,4-diacetoxy-5>8-dihydro- 
napthalene, the two products similarly separated were 2- 
acetoxy-l,lj.-napthoquinone (15 g., pale yellow needles, m.p. 
128-128.5°, from glacial acetic acid) and napthazarin 
diacetate (10 g.).
The oxidation using the diacetate (24 g.) dissolved in 
glacial acetic acid (350 ml.) gave compound A (3*5 g«)»
2-acetoxy-l,4-napthoguinone (3*5 g.) and napthazarin diace­
tate (1 .5 g.).
Oxidation in the Presence of Sulphuric Acid
The oxidation was carried out on the diacetoxy-dihydro- 
napthalene (24 g.) in glacial acetic acid (200 ml.) hut with 
concentrated sulphuric acid (5 ml.) added to the chromium 
trioxide solution. The crude product'(9 g., m.p. 146°) was 
chromatographed and the first hand (eluted with benzene) gave 
compound A (7 g.); next to be eluted was napthazarin 
diacetate (1 .5 g.) •
Oxidation using 60$ Acetic Acid to dissolve the Chromium 
Trioxide
The diacetoxy dihydronapthalene (24 g«) was in glacial 
acetic acid (200 ml.) was treated as before with chromium 
trioxide (44 g.) in 60$ agueous acetic acid (140 ml.). The 
product (12 g.) obtained was recrystallized from chloroform 
to give compound A (m.p. 170° rising to 174° on further re- 
crystallization from glacial acetic acid). No napthazarin 
diacetate was isolated by chromatography in the usual way.
Oxidation of Compound A
Compound A (36 g.) was dissolved in glacial acetic acid 
(1.3 1 0  and added dropwise to a cooled solution of chromium
-82*-
trioxide (88 g.) in 80$ agueous acetic acid (2*00 ml.) and the 
reaction carried out and the product worked up as before. 
Chromatography of the crude product (12 g.) using chloroform 
afforded napthazarin diacetate (9 g.) and 2-acetoxy-l,2*- 
napthoquinone (3 g*)•
Identification of Products - The 2-acetoxy-l,2*-napthoquinone 
formed pale yellow needles? m.p. 128° (Pound: C, 66.6; H, 3*7* 
Calculated for O^hgO^: 66.7; H, 3*1%) • This was identi­
cal (mixed m.p. and infra-red spectra) with the 2-acetoxy-l?2*- 
napthoquinone prepared by the method of L.F.FIESER (J. Amer* 
Chem. Soc., 192*8 70? 3165)* Reductive acetylation (R.H. 
THOMSON, J. Org. Chem., 1951* 16» 1082) afforded 1,2,2*-tri- 
acetoxynapthalene needles, m.p. 135°? from 96$ ethanol 
(Found: C, 63*9; H, 2*.8. Calculated for c16hW>6! 0,.. 63.6s.
H,
The napthazarin diacetate gave pale yellow needles, 
m.p. 191-1920? from glacial acetic acid identical (mixed m.p. 
and infra-red spectrum) with a specimen prepared from napth­
azarin obtained by the method of C.KURORA f Proc. Imp. Acad. 
(Tokyo), 19hh? 20, 20; Chem. Abs., 2*9, 986a].
Compound A formed rhombs? m.p. 172j.**17h«50?from glacial 
acetic acid [Found: C, 65*1; H, 2*.6$, M, 256 (v.p.o.). 
G12*%2°2j/G12*H10°6 requireS G* 65*0; H? 2*.3$?M? 259 (average)].
It was identical with the product obtained by crystallizing 
equimolecular quantities of napthazarin diacetate and 1,2*- 
diacetoxynapthalene from glacial acetic acid. It chromato­
graphed as a single band. It also chromatographed on a 
silica gel thin layer plate as a single spot. It crystall­
ized unchanged from chloroform, benzene, methanol, and acetone 
as well as glacial acetic acid.
Compound A (5*0 g.) treated by the reductive acetyla- 
tion procedure, as for 2-acetoxy-l,2j.-napthoquinone, gave a 
solid which, on dilution of a chloroform solution with light 
petroleum (b.p. 60-80°), afforded 1,2*,5,8-tetra-acetoxynaptha- 
lene (2.5 g*)? m.p. 277-279% identical (mixed m.p. and infra­
red absorption) with a sample similarly prepared from 
napthazarin diacetate. Evaporation of the mother liquors, 
and crystallization of the residue from glacial acetic acid 
yielded l,2*-diacetoxynapthalene (2 .0 g.), m.p. 126-127°® 
Hydrolysis of Compound A in alkali gave an unworkable mixture 
in which the presence of napthazarin was indicated by the 
ultra-violet absorption of the mixture. Acid hydrolysis 
gave an insparable mixture.
(5) From l,2*-Diacetoxynanthalene
l,2*-Diacetoxynapthalene (28 g.) in glacial acetic acid 
(300 ml.) was added dropwise (during three hours) to a stirred
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solution of chromium trioxide (35 £•) in 80$ acetic acid 
(150 ml.) at 0°. The mixture was stirred with cooling for a 
further five hours, and then over-night, being allowed to 
reach room temperature during the night. The mixture was 
poured into i ce-water (2 3.) and stirred for half an hour*
The solid (18 g.) was principally starting material hut some 
of Compound A (5 g*) was isolated by fractional crystalliza­
tion from glacial acetic acid, the fractions being checked 
by thin layer chromatography.
Anhydride
The method used was that of D.B.BRUCE and R*H*TH0MS0N 
(£• Chem* Soc.> 1955? IO89), using an open beaker* In the 
case of maleic anhydride the published yield (30$) of napthaza­
rin was obtained for a ten gram scale* Above this scale the 
yield dropped as the efficacy of stirring dropped.
When succinic anhydride was used in place of maleic 
anhydride [C.KURODA, Proc* Imp. Acad* (Tokyo), 19^ l4> 20, 20; 
Chem. Abs*, ijJJ, 986a] the yield of napthazarin was 30%. 
Difficulty was experienced in purifyirg the product, it being 
necessary to recrystallize it from 9 6 % ethanol several times 
after sublimation (at l60°/0*3. mm.).
(7) Attempted Preparation of a Furan-Benzoquinone Adduct
(a) jD-Benzoquinone (10 g.) and furan (10 g.) were dissol­
ved in ether (100 ml.). The mixture was refluxed for eight 
hours. On removal of the ether only jD-benzoquinone was 
isolated.
(b) p-Benzoquinone (10 g.) and furan (7 g.) were dissol­
ved in benzene (100 ml.) and allowed to stand in the dark
for one wefek. The solvent was removed by freeze drying.
The only product isolated was jD-benzoquinone.
(c) With glacial acetic acid replacing benzene (in (b)) 
a similar result was obtained,
(d) js-Benzoquinone (10 g.) and furan (7 g.) were dissol­
ve
^ved in ether (100 ml.) in a quart^ flask (250 ml.). The 
refluxing solution was irradiated with ultra-violet light 
(20 w.) for twenty-four hours. On removal of solvent only 
jD-benzoquinone was recovered.
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ATTEMPTS TO INTRODUCE A PORMYL GROUP INTO THE mPTHAZARIN 
NUCLEUS
(a) To a stirred suspension of napthazarin (10 g.) in 9 6 % 
ethanol (230 ml.) was added, dropwise, a solution of caustic 
soda (20 g.) in water (ij.1.5 ml.). The resulting suspension 
of the sodium salt was heated to 70-80° on a steam hath and 
the dropwise addition of chloroform (Aj.1.5 ml.) started.
When all the chloroform had been added ( 1 hr.), stirring was 
continued for a further hour. The excess of chloroform and
l
the ethanol were removed by distillation, the residue neutra­
lized with concentrated hydrochloric acid to congo red, and 
water added. The red solid (10 g.) was filtered off, washed 
and dried. The infra-red absorption of the red solid indi­
cated that it was napthazarin (by comparison). The solid 
was acetylated with acetic anhydride and a trace of concen­
trated sulphuric acid and the acetate formed proved to be 
napthazarin diacetate (m.p. and mixed m.p. 191-192° after 
recrystallization from chloroform, and infra-red absorption),
(b) A mixture of glycerol (60 g.) and orthoboric acid
(15 go) was heated in a beaker (i+00 ml.) with stirring until 
the temperature reached 165° (approximately one hour). An 
intimate mixture of napthazarin (10 g.) and hexamethylene 
tetramine (10 g.) was added with vigorous stirring to the
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glycerol-boric acid melt previously cooled to 150° • The 
reactants were stirred for twenty minutes during which time 
the temperature was maintained at 150-160°. The reaction 
mixture was allowed to cool to 115° and acdified with a mix­
ture of concentrated sulphuric acid (10 ml.) and water (30 ml.). 
A black tar was obtained from which nothing could be isolated 
by either steam distillation or solvent extraction.
(c) Via Methylnapthazarin 
Preparations of methylnapthazarin 
Method I.
2-Methvlnapthazarin was prepared by the method of 
J.W.H.LUGG, A.K.MACBETH and F.L.WINZOR (J. Chem. Soc., 1956, 
1457) 9  the product being purified by sublimation (l60°/l mm.) 
and recrystallization from 96% ethanol. Methyl napthazarin, 
black needles with a green reflex, m.p. 172-3°$ was obtained 
in 23% yield. Alternatively the reaction product was puri­
fied by acetylation, as for napthazarin, and chromatography 
on silica gel. Chloroform eluted a brown band, and chloro­
form containing 1% of dry methanol eluted methylnapthazarin 
diacetate, pale yellow needles, m.p. 167-8° (30% yield).
Method II
l,h-Diacetoxy-5g8-dihydro-2-methylnapthalene. To a
chilled solution of toluguinone (10 g.) in glacial acetic acid
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(100 ml.) was added "butadiene (10 ml. condensed from "buta­
diene gas) and the flask sealed with a wired on stopper.
The mixture was kept at ca. 10° for 2k hours and then at room 
temperature for three days. The solution was heated on a 
steam-bath until the excess butadiene had been expelled.
The mixture was filtered and a solution of stannous chloride 
(1*5 g*) ana concentrated hydrochloric acid (10 ml.) in water 
(50 ml.) added to the hot solution. The enolized adduct 
(12 g.) of butadiene and toluqinone was filtered off, washed 
and dried. The solid was then acetylated with excess acetic 
anhydride and a trace of concentrated sulphuric acid to give 
l,i4-diacetoxy-5,8-dihydro-2-methylnapthalene (17*5 g*# 87% 
yield overall), colourless needles m.p. 106-7° after recrystal­
lization from aqueous acetic acid. C.S.CONTRERAS (Rev, de 
la Real Acad. Cienc. Exact. Pis. Nat. Madrid. 1963* 57 , 385) 
gives the melting point as 106°.
Oxidation of 1.U-Diacetoxy-5.8-dihydro-2-methylnapthalene
A cooled solution of l,U-diacetoxy-5,8-dihydro-2-methyl- 
napthalene (12 g.) in glacial acetic (100 ml.) was added, 
dropwise, to a stirred solution of chromium trioxide (20 g.) 
in 80% aqueous acetic acid (100 ml.) at 0°. The mixture was 
vigorously stirred at ( 5° from three hours and allowed to 
reach room temperature overnight. The reaction mixture was
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poured into ice-water (l 1.) and stirred for one half hour.
The yellow solid (3*4 g.) was filtered off, washed and dried.
Chromatography of the solid in chloroform afforded two hands.
The first, on removal of solvent, deposited yellow needles of
a molecular mixture denoted "Compound B" (2 .0 g.) m.p. 95- 
the second
95«5°* and/methylnapthazarin diacetate ( 1 g.), m.p. 167-8° 
(A.K.MACBETH, J.R.PRICE, F.L.WINZOR and A.B.BECK, J. Chem. 
Soc., 1935? 325 give the m.p. as 168°).
Investigation of Compound B
Compound B - (Pound; C, 70.7| H, k* 5*
requires C, 70.3; k*k%)•
A mixture of compound B (1 g.), zinc dust (5 g*)s
acetic anhydride (25 ml.) and a drop of triethylamine was re-
fluxed for two hours. The reaction mixture was poured onto
ice. The solid was filtered off, washed, dried, and extract-
was added
ed with chloroform (100 ml.). Light petroleum (h.p. ij.0-60°)/ 
until a precipitate formed. The solid (0.3 g.j m.p. 228° 
decomp.) was filtered off and crystallized from glacial acetic 
acid to give 2-meth.vl-l,h9 5,8-tetra-acetoxynanthalene as 
needles m.p. 230° t e ^ ! a g . (Found: C, 
requires C, 60.96; H, 2*.81%). The mother liquors were 
evaporated to yield 2-methyl-l,4-<ii&ce'fcoxynapthalene (0 .5 g«)> 
m.p. 108-110°, crystallized from glacial acetic acid
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colour less needles m.p* 111°-112°.
Compound B crystallized unchanged from all common sol­
vents and chromatographed as a single spot on a thin layer 
plate (silica gel) using henzene as solvent.
N.m.r. data for compound B and methylnapthazarin 
diacetate in dueterochloroform
O
oAc 0
«
oA<
c Hj
*X multiplicity
ca,
7.90
7.80
7.55
3-30
3.13
2.60
2.0
centre
a.(J=i.2)
a.(J=i.2)
a
quartet(J=1.2)
asym. m.
No. of 
protons
3 
6 
6 
1 
2 
2 
8
assignment
C(2).CH,
C(2').CH3
O.CO.CH,.C(5) .0(8) 
0(3)
0(3')
0(6) ana C(7) 
C(5I)(6')(7' )(8')
X multiplicity No*, of protons assignment
7.88 d (1.2) 3 C(2).CH3
7.55 d 6 -O.CO.CH,
3.28 quartet (1*2) 1 C(3)
2.60 s
.
2 C(6) and C(7)
Allylic Bromination of Methylnapthazarin piacetate
Methylnapthazarin diacetate (l g*),N-bromosuccinimide 
(0*7 g o  freshly recrystallized from hot water and dried), 
and dibenzoyl peroxide (0*1 g.) were dissolved in carbon 
tetrachloride (35° ml*) and refluxed for 2k hours* The sol­
vent was removed "by rotary evaporation under reduced pressure 
and unreected N-bromosuccinimide, and succinimide were removed 
"by extraction of the solid several times with hot water 
(total 300 ml.)* The residue was dried and chromatographed 
on silica gel using chloroform as solvent; a very slow moving 
hand was obtained which afforded methylnapthazarin diacetate 
(0*9 g O  (mixed m.p* and infra-red absorption) on removal 
of solvent*
Methynapthazarin diacetate (l g*)> N-bromosuccinimide 
(1 g.) and azobisisopropylcyanide (50 mg.) in carbon
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tetrachloride (300 ml*) were treated exactly as above* 
Methylnapthazarin diacetate (0*8 g.) was recovered*
Methylnapthazarin diacetate (2 g.) and N-bromosuccini- 
mide in carbon tetrachloride (700 ml.) were stirred -under the 
illumination of photofloods (900 w.), the heat given off by 
the bulbs was sufficient to boil the fixture under reflux, for 
five days. The reaction mixture was worked up as before.
The crude product (2*3 g*) was chromatographed using chloro­
form as solvent to give first a brown fast-moving band, then 
a slower second band, and finally a third very much slower 
band which afforded unreacted methylnapthazarin diacetate 
(0 .2 g.) on removal of solvent.
The second band on evaporation of solvent, afforded 
impure 2-bromometh.vlnapthazarin diacetate (1.7 g*)• Recryst­
allization from acetic anhydride, carefully, without boiling, 
and two further recrystallizations from 50$ chloroform-methan- 
ol, gave pure 2-bromomethylnapthazarin diacetate, m.p.188-9°* 
as star-shaped clusters of yellow-orange needles (Pound:
C, 49»0; H, 3.10. G^H^OgBr requires C, 49*1| H, 3*0$). 
Lassaigne halogen test confirmed the presence of bromine. 
N.m.r. data are given in the n.m.r. data section.
The preparation of 2-bromomethylnapthazarin diacetate 
was repeated on 2-methylnapthazarin diacetate (4 g.), using
-95-
light (900 w.) catalysis with a slightly different working up 
procedure* The crude product (Ij. g.) was treated with 
acetic anhydride and the nearly pure 2-bromomethylnapthazarin 
diacetate (3 gi) m.p* 180-182° filtered of*
Infra-red data (nujol mulls on Perkin-Blmer infracord for 
2-bromomethylnapthazarin diacetate
5»5-6*9u region
absorption at 5*7 (strong) ester carbonyl
6.0 (strong) quinonoid carbonyl
6* 12+ (medium)) double bond
6.31 (medium)) absorptions
[ for methylnapthazarin diacetate
5*66 (strong) ester carbonyl
6.02 (strong) quinonoid carbonyl
6.10 (medium)^possibly double
6.30 (medium)) bond absorptions]
8.0m* - 10m- region
Both 2-bromomethylnapthazarin diacetate and 2-methyl- 
napthazarin diacetate show a broad strong complex of peaks 
between 8.2 and 8.8m* which was common to all phenolic ace­
tates but not to the free hydroxy derivatives. A similar 
broad strong complex band occurs in the spectrum of lawsone 
acetate (2-acetoxy-1>4-^apthoquinone)•
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for bromocompound 9.65M- (shoulder)
9.75 (medium) 
9.90 (medium)
10,0 (shoulder)
[ for methylnapthazarin diacetate
9.65M-
9.75
9.81
10.0
10.5 -13.5M- region
hromocompound
shoulder) 
medium) 
medium) 
shoulder)]
medium) 
shoulder) 
strong) 
medium) 
medium) 
weak) 
weak)
10.6ji (medium)
10.89 (weak)
11.0 (weak)
11.25 (medium)
11.97 (weak)
13.1 (weak)]
The region 6.5-8.Om- was found to he substantially identical 
in the spectra of hoth compounds.
10.61m- 
10.8 
10.89 
11.08 
11.27 
12.15 
12.95
[ for methylnapthazarin diacetate
Reactions with 2- Bromomethylnapthazarin Diacetate
Attempts to convert it into an aldehyde
(a) 2-Bromometh3anapthazarin diacetate (1 g.) in dioxan 
(100 ml.) was treated with silver nitrate (3 g*) in water
(12 ml.) and dioxan (30 ml.), and the mixture allowed to stand 
overnight. The precipitate of silver bromide was filtered 
off and the filtrate evaporated to dryness on a rotary eva­
porator. The orange solid was dissolved in dioxan (50 ml.), 
and potassium hydroxide (2 g.) in water and dioxan (50 ml.) 
added. The mixture was then refluxed for one hour, poured 
onto ice and acidified to congo red with dilute hydrochloric 
acid. A very fine red precipitate (0.5 g*) separated and was 
filtered off, washed and dried. The solid was insoluble in 
chloroform but partially soluble in acetone and soluble in 
dioxan. No crystalline material could be isolated from the 
product.
The experiment was repeated but in this case the pota­
ssium hydroxide mixture was allowed to stand at room tempera­
ture for 2k hours instead of being refluxed. A very complex 
mixture was obtained from which no pure material could be 
isolated. /
(b) Hexamethylene tetramine (0.3 g.) and 2-bromomethyl- 
napthazarin diacetate (0.7 g«) were dissolved in chloroform
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(10 ml.) and refluxed gently for one hour. The dark
coloured solid (0.9 g») was refluxed with 50$ aqueous acetic 
for one half hour 
acid (50 ml.)/and then concentrated hydrochloric acid (5 ml.)
added and the mixture refluxed for a further five minutes.
No soluble material could be isolated from the mixture.
Hexamethylene tetramine (0.15 g*) and the bromocom- 
pound (0.35 g*) were dissolved in chloroform (5 ml.) and 
allowed to stand at room temperature for two days. The dark 
orange solid was filtered off and refluxed with aqueous 
acetic acid (25 ml.) for one half hour. The mixture was 
treated with concentrated hydrochloric acid (2 ml.) and the 
solid filtered off. A very small amount of chloroform sol­
uble material was obtained but it was a mixture.
(c) 2-Bromomethylnapthazarin diacetate (100 mg.) acetic 
anhydride (30 ml.) and anhydrous sodium acetate ( 2 g.) were 
refluxed together for two hours. The mixture was poured 
onto ice and the white solid (85 mg.) filtered off. The 
solid proved to be a mixture and no crystalline material 
could be obtained from it.
(d) 2-Bromomethylnapthazarin diacetate (0.5 g*) was heated 
with silver oxide (from 0.5 g» of silver nitrate) and 
ethanol (100 ml.) under reflux for three hours. The solvent 
was removed by rotary evaporation and the solid extracted
with chloroform. No crystalline material could he isolated 
on acetylation of the solid in the usual manner.
(e) The bromocompound (0*5 g.), acetic anhydride (Zj.0 ml.) 
and zinc dust (2 g.) were refluxed together for two hours.
The acetic anhydride solution was decanted from the zinc onto 
ice. The solid (0.3 g O  was crystallized from chloroform to 
give a microcrystalline solid (0.25 g*)* Repeated recrystal­
lization from first glacial acetic acid and then chloroform 
gave a compound of unknown structure, m.p. 275-6°, hexagonal 
plates from chloroform (Found: C, 50.5* 50.5; H, 1+.6, i+*5%)»
Hydrolysis studies of 2-bromomethylsa-pthazarin diacetate
The bromocompound (0.5 g*) in 9 6 % ethanol (250 ml.) 
was treated with potassium hydroxide (1 g.) in 9 6 % ethanol 
(50 ml.). The mixture was warmed on a steam bath for one 
half hour and acidified with dilute hydrochloric acid. The 
mixture was evaporated on a rotary evaporator and the solid 
extracted with chloroform. The extract v/as evaporated and 
the red solid acetylated in the usual manner. The solid 
(0 .3 g.) could not be purified by crystallization or chromato­
graphy. However, the n.m.r. spectrum of the impure material 
was obtained and indicated a very impure sample of 2-ethoxy -
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ATTMPTS TO INTRODUCE AN AOBTO GROUP INTO NAPTHAZARIN
(i) B.v the Fries rearrangement of napthazarin diacetate
(a) To a well stirred suspension of anhydrous aluminium 
trichloride (10 g.) in carbon bisulphide (50 ml.) was added, 
portionwise, finely ground napthazarin diacetate (10 g.) 
during one half hour. The mixture was stirred, under reflux, 
for five hours. Napthazarin (7 g.) only was recovered after 
removal of the carbon bisulphide and decomposition of the 
aluminium chloride complex with concentrated hydrochloric acid.
(b) Anhydrous aluminium trichloride (10 g.) was dissolv­
ed in nitrobenzene (150 ml.) with stirring. Powdered napth­
azarin diacetate (10 g.) was added in small portions during , 
one hour and the solution stirred for a further eight hours
at room temperature. The blue solution was poured into ether 
( 1 1 . )  and filtered. The hygroscopic solid was quickly 
washed with more ether to remove traces of nitrobenzene. The 
solid was dissolved in water (100 ml.) and concentrated hydro­
chloric acid (300 ml.) added. The solution was heated on a 
steam bath -until a solid separated and the supernatant liquor 
was pale red in colour (3 hrs.). The red precipitate (7 g*) 
was filtered off, washed, and dried in a vacuum desiccator.
A portion of this solid was chromatographed. A single band 
was obtained, the component of which was identified as
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napthazarin [by preparation of the diacetate, which was iden­
tical (mixed m.p. and infra-red absorption) with an authentic 
specimen].
(c) Experiment(b) was repeated but instead of stirring 
at room temperature the mixture was stirred on a steam bath 
for five hours. The product was worked up as before. The 
red solid obtained (7 g.) was acetylated with acetic anhyd-r 
ride and a trace of concentrated sulphuric acid. The re­
sulting acetate was chromatographed in chloroform. It 
chromatographed as a single band and was identified as 
napthazarin diacetate.
(d) Experiment (c) was c arried out using anhydrous 
aluminium chloride (20 g.) and napthazarin diacetate (lO g.)• 
The acetylated crude product was chromatographed. Napth­
azarin diacetate (7 g.) was eluted, preceeded by napthazarin 
monoacetate (1 g.), m.p. 137-138% orange needles from light 
petroleum (b.p, 60-80°)(Found; C, 62.1; H, 3*7^ M 236 v.p.o. 
^12^8^5 requires: C, 62.1; H, 3*5% M 232)•
Napthazarin monoacetate gave a dark red colouration
' 1 . ■ /- ‘ . . . . . . .
with aqueous alcoholic ferric chloride. On gentle heating 
it decomposed to give napthazarin and it could be acetylated, 
in the usual manner, to form napthazarin, diacetate.
An attempt to prepare napthazarin monoacetate from
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nap thazarin (2 g.) and acetic anhydride (5 !&!•) and a trace 
of concentrated sulphuric acid gave only a mixture of 
napthazarin and napthazarin diacetate.
(e) Napthazarin diacetate (10 g.) and anhydrous alum­
inium trichloride (20 g.) were ground together and heated in 
an oil hath at 150° for six hours. The cooled solid was 
treated with ice (100 g.) and then concentrated hydrochloric 
acid (300 ml.). The mixture was heated on a steam bath for 
three hours. The solution was cooled and filtered. The 
solid obtained was washed, dried and acetylated, in the usual 
way. The acetylated material was extracted with chloroform 
and the dissolved material chromatographed. First to be 
eluted was napthazarin monoacetate (3*h g*)> followed by 
napthazarin diacetate (h«0 g.) ♦
(f) To a melt of anhydrous aluminium trichloride (10 gi 
and sodium chloride (2 g.) at 1^0°, in an open beaker,ybs added 
dry powdered napthazarin diacetate (1 g.) with stirring.
The temperature was quickly raised to 200° and held there for 
two minutes. The melt was cooled and decomposed with ice 
(30 g.) and concentrated hydrlchloric acid (30 ml.) as in (b). 
The crude dry product was acetylated and chromatographed in 
chloroform. Napthazarin diacetate (0.9 g*)> m.p. 191-192°, 
was the only product.
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Attempt ed condensations in an aluminium trichloride-sodium 
chloride melt
(g) (i) Quinacetophenone was prepared "by the method of
A.I.VOG-EL (lPractical Organic Chemistry1, 3rd ed., Longmans,
p.677)* An 82% yield of quinacetophenone, yellow green
needles, m.p* 205-6° was obtained. Crystallization from 96%
ethanol gave yellow green needles, m.p. 206-7°♦
(ii) Quinacetophenone was also prepared hy the
method of D.B.BRUCE, A.J.S.SORRIE and R.H.THOMSON (J. Chem.
Soc., 1953* 21+03) • It was found that if the quinol diacetate
was rigorously dried and freed from acetic acid then a 9k%
was obtained
yield of quinacetophenone (m.p. 20^-5°/• Recrystallization 
from 96$ ethanol gave a 73% yield of material m.p.206-7°«
This preparation was scaled up to a forty gram scale.
Quinacetophenone (12 g.) and succinic anhydride (10 g.) 
were ground together and added in small portions, with stir­
ing, to a melt of anhydrous aluminium trichloride (100 g.) 
and sodium chloride (20 g.) at lLjO°. The temperature was 
raised to 200° and held there for two minutes. The melt 
was cooled, to about 80°, and decomposed with ice (200 g.) and 
concentrated hydrochloric acid (100 ml.). The product was 
quinacetophenone (m.p. 206-207° after crystallization from 
96% ethanol) (mixed m.p. and infra-red absorption) only.
—lOlj.—
(h) A finely ground mixture of quinacetophonone (12 g.) 
and maleic anhydride (10 g.) was added in small portions to
a melt of anhydrous aluminium trichloride (100 g.) and sodium 
chloride (20 g.) at 140°. The temperature was raised to 
200° and held there for two minutes. The only compound 
isolated on decomposition of the melt was quinacetophenone.
A trace of a red compound was formed hut there was too 
little to he isolated; raising the reaction temperature 
resulted in extensive charring and increasing the proportion 
of anhydrous aluminium trichloride had no effect.
The preceeding experiment (h) was run on a large 
number (12) of smaller scale (l g.) attempts in hopes of 
concentrating the compound which caused to melt to go red, 
but again no red compound could be isolated and the product 
was quinacetophenone.
(i) A finely ground mixture of quinol diacetate (10 g.) 
and maleic anhydride (10 g.) was added, in small portions, to 
a melt of anhydrous aluminium trichloride (100 g.) and sodium 
chloride (20 g.) at II4.O0 and then the temperature raised to 
200° for two minutes. On decomposition of the melt quin­
acetophenone was isolated (U g., m.p. 207°m green needles 
from 9 6 % ethanol)•
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(J) Quinacetophenone dimethyl ether 
Attempts to prepare the ether from quinacetophenone 
using dimethyl sulphate failed. It was prepared by Priedel- 
Crafts acylation of quinol dimethyl ether using the method 
of L. De P. ABBOTT, Jr. and J.D.SMITH (J. Biol Chem., 1949
365) Chem. Abs., 43, 7002) on a forty gram (of starting 
material) scale (yield 72$ as a yellow oil b.p. 136°/5 mm.)
To a fused melt of anhydrous aluminium trichloride 
(100 g.) and sodium chloride (20 g.) at 140° was added, in 
small portions, a suspension of maleic anhydride (10 g.) in 
quinacetophenone dimethyl ether (10 g.), with stirring. The 
temperature was raised to 200° for two minutes. After de­
composition of the melt and working up as for (g) an oily 
mixture of quinacetophenone and quinacetophenone dimethyl 
ether was obtained.
Priede1-Crafts reactions using aluminium trichloride
(a) To a vigorously stirred suspension of napthazarin 
(10 g.) and anhydrous aluminium trichloride (20 g.) in re- 
fluxing carbonbisulphide (100 ml.) was added, dropwise, a 
solution of acetylehloride (3 g«) in carboij/bisulphide (25 ml.) 
during half an hour. The mixture was stirred under reflux 
for a further four hours. The carbonb^ulphide was re­
moved by distillation and the excess of aluminium trichloride
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decomposed with ice (30 g.) and concentrated hydrochloric 
acid (100 ml.). The red precipitate (9.5g*)was filtered off, 
washed and dried. The product was napthazarin (infra-red 
absorption). On acetylation it afforded napthazarin di­
acetate (m.p. 191-192°).
Use of napthazarin diacetate instead of napthazarin 
gave the same result.
(b) 1,4, 5,8-Tetra-acetox.yna-pthalene was prepared by force 
acetylation (R.H.THOMSON, J. Org. Chem., 1951, 16, 1082) of 
napthazarin diacetate, in 90$ yield as hard needles, m.p# 
276-277°, from glacial acetic acid.
To a melt of anhydrous aluminium trichloride (20 g.) 
and sodium chloride (5 g.) at 140° was added, 1,4,5,8-tetra- 
acetoxynapthalene (l g.) in! small portions. The mixture was 
heated at 200° for two minutes, cooled and the melt decomposed 
with ice (50 g.) and concentrated hydrochloric acid (100 ml.). 
A black tar was obtained which was not further investigated.
(c) To a stirred suspension of 1,4,5,6-tetra-acetoxy- 
napthalene (5 g.) and anhydrous aluminium trichloride (6 g.) 5 
in carbon bisulphide (200 ml.) boiling under reflux, was 
added, dropwise, a solution of acetyl chloride (2 g.) in 
carbon bisulphide (10 ml.) during half an hour. On working 
up only starting material was obtained.
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(d) The same result was obtained when nitrobenzene was 
used instead of carbon bisulphide, and the mixture heated on 
a steam bath.
(e) Experiment (d) was repeated, blowing dry carbon 
dioxide through the solution to remove hydrogen chloride 
formed, with no effect; starting material only being obtained 
(4*5 g*) after forced acetylation of the product (3*5 g0° 
Increasing the ratio of anhydrous aluminium trichloride to 
tetra-acetoxynapthalene made no difference.
Preparation of 5,8-Dihydroxy-1,3-dimethylnaptho [ 2,3-c]- 
furan-4,9-quinone
(a) To a stirred suspension of 1,4,5,8-tetra-acetoxy-
napthalene (4 g«) in glacial acetic acid (100 ml.) was added, 
dropwise, boron trifluoride etherate (4«2 ml.), during one 
hour. The mixture was stirred at room temperature for three
days. The mixture was poured onto ice. Starting material
was obtained (4 g.)»
(b) To a stirred suspension of 1,4,5,8-tetra-aeetoxy-
e*tiierati6
napthalene (2 g.) in glacial acetic acid boron trifluoride/ 
(2.1 ml.) in glacial acetic acid (5 ml.) was added, dropwise, 
over one half hour. The mixture was then stirred on a 
steam bath for three hours. The solution was poured onto
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ice, and the solid filtered off, washed, and dried. The 
.stolid was then extracted with chloroform to give 5,8-dihydrox3 
1,3-dimethylnar>tho f 2, 5-c’lfuran-4,9-quinone (0.7 g.), m.p. 
258-256.5° orange needles from chloroform (sublimes at 
150°/0.1 mm.) (Xmo^230,440 w  log■V 4.43# 4»05)(Found: C,IUciX
65.18; H, 3.90. Cli+H1005 requires: C, 65.14; H, 3.87$). A 
byproduct (1 g.) soluble only in dioxan, and acetic acid 
(?hydroxylated species) was also obtained but could not be 
crystallized.
Authentic furan derivatives
Diethyl a,3-Diacetosuccinate. The diester was prepared by 
a variation of the method of L.KNOHR and F.HABER (Ber•, 1894, 
27, 1151). Sodium wire (5 g.) was added, in portions, to 
a mixture of ether (200 ml., sodium dried) and ethyl aceto- 
acetate (25 ml., dried over sodium sulphate), with stirring, 
in a dry flask. The mixture was allowed to stand overnight
and then refluxed for two hours. Iodine (25 g.) in ether 
(200 ml., sodium dried) was added dropwise with continued 
stirring. The solution was filtered quickly and the re­
sidue rejected. The filtrate was evaporated to dryness, 
under reduced pressure, and the residue recrystallized from 
aqueous acetic acid (30$) to yield the diethyl a,(3-diaceto- 
succinate (14 g.), m.p. 86-87°, as needles.
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. 2 9 5-Dimethylfuran-3,U-dicarboxylic acid was prepared 
according to H.GILEAN and R.R.BURTNER (Rec. Trav. Chim.,
1932, g^l, 667; Chem. Abs., 26, 5559). as needles having a 
m.p. of 230-1° after crystallization from 96$ ethanol.
Dimethyl 2,5-dime thylfuran-3 ,U-dicarboxylate. The 
furan dicarboxylic acid (0 .6 g.), toluene (5 ml.), methanol 
(20 ml.) and a few drops of concentrated hydrochloric acid 
were distilled, three portions of methanol (total 60 ml.) 
were added to the mixture during the distillation. The sol­
vents were then boiled off, water was added and the solid 
(0.6 g., m.p. 52°) filtered off and dried. Crystallization 
from light petroleum (b.p. 60-80°) and ether gave the diester 
as needles, m.p. 62-63°.
Cyclization of Diethyl q,g-Diacetosuccinate in Acetic Adid
To a stirred solution of diethyl a,|3-diacetosuecinate 
(5 g. crude) in glacial acetic acid (150 ml.) was added, 
dropwise, a solution of boron trifluoride etherate (5 ml.) 
in glacial acetic acid (5 ml.). The mixture was heated on 
a steam-bath for three hours and then poured onto ice water. 
An oil separated which was hydrolysed with alcoholic potass­
ium hydroxide and yielded 2,5-dimethylfuran-3,4-dicarboxylic 
acid (2 .0 g.), m.p. 229-230°, after crystallization from 96$ 
ethanol.
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Attempts to break the ffuran Ring in the Napthofuran
(a) The dihydcoxydimethylnapthofuran (100 mg*) was dissol­
ved in tetrahydrofuran (50 ml*) and concentrated hydro­
chloric acid (10 ml*) added. The mixture was refluxed for
3 hours. On working up only starting material (80 mg., 
identified by infra-red absorption) was found.
(b) The furan (100 mg.) was dissolved in concentrated 
sulphuric acid (30 ml.) and allowed to stand for three days. 
Starting material was recovered.
(c) The furan (100 mg.) was dissolved in acetone (30 ml.) 
and aqueous sodium hydroxide (10 ml., 2N) added and the 
mixture allowed to stand for two hours. On acidification 
starting material was recovered.
(d) The diacetate of the furan (0.5 g«) in methanol
(50 ml.) was treated with sodium hydroxide (0.8 g.) in water 
(15 ml.), flushed with nitrogen and refluxed under nitrogen 
for two hours. The reaction mixture was acidified with 
concentrated hydrochloric acid (10 ml.), diluted with water 
and filtered. Unidentified solvent-insoluble material was 
obtained.
(e) Porce-acetylation of the furan (0*5 g») was attempted 
by the method of R.H.THOMSON (J. Org. Chem., 1951, .!§» 1082).
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A mixture (0.75 g-)> m.p. 200-250°, Was obtained which could 
not be separated.
(f) Manganese dioxide in ether or chloroform had no effect 
on the furan at room temperature.
(g) To a cooled stirred solution of chromium trioxide 
(1 g.) in aqueous acetic acid (lO ml., of 70$) was added 
dropwise the furan (1 g.) in glacial acetic acid (30 ml.).
The mixture was stirred for four hours with cooling and then 
poured into ice water. The starting material ( 1 g.) was 
recovered.
Derivatives of 5»i8-Dihydroxy-1,3-dimethylnapthof 2,3-c l furan-
4,9-quinone
59 8-Diacetox.v-l, 3-dimethylnanthof 2,3-c 1 furan-k, 9- 
qudjione was prepared by dissolving the hydroxynapthofuran in 
acetic anhydride (excess) and adding a trace of concentrated 
sulphuric acid. The reaction mixture was poured onto ice 
and the acetate separated quantitatively. Crystallization 
from methanol-chloroform gave pale yellow needles, m.p. 226- 
226.5° (Pound: C, 63*32; H, 3.90; 0,32.77$, M (v.p.o.) 346. 
C18H14°7 re<3.uires: C, 63.26; H, 4*09; 0, 32.77$, M 342).
59 8-Dimethoxy-l, 3-dimethylnapthof 2,3-c'lfuran-4, 9- 
quinone. A mixture of the hydroxynaptho furan (2.0 g*), 
.o-dichlorobenzene (50 ml.), methyl toluene-p-sulphonate 
(6 .0 g.) and anhydrous sodium carbonate (4 g.) was refluxed 
for eight hours, water being periodically removed from the 
condenser (cf. K.BRASS, R. PFLUGER and K.HCBNSBERG# Ber.,
1936, 69B, 80). The end of the reaction was signified by 
the disappearance of the 450 mp peak of the starting material 
and the appearance of a new maximum in the ultraviolet at 
400 mp. The mixture was cooled and solvent removed in a 
rotary evaporator. The solid was treated with dilute hydro­
chloric acid (ijN), warmed to hydrolyse excess methyl toluene- 
jD-sulphonate, and the mixture filtered. The dry solid (1 g.) 
was sublimed (l40°/0.1mm.), and crystallized from methanol as 
pale yellow needles, m.p. 221-222° (Pound; C, 66.8$ H, 4*94* 
C16H14°5 re9ulres* C, 67*0; H, 4*89$).
Degradation of 5*8-Dimethoxy-l,3-dimethy lnan thof2,3-c1furan-
4 ,9-quinone
To a solution of the ether (100 mg.) in methanol 
(10 ml.) was added 30$ hydrogen peroxide (2 .5 ml.) and meth- 
anolic sodium hydroxide (25 ml., 0.1N) and the mixture re­
fluxed for half an hour. (Cf. G. di MODICA and S.TIRA, Gazz. 
Chim. Ital.t 1956, 86, 234; Chem. Abs., £1, 3538). After
-113-
neutralization with dilute hydrochloric acid (IN) the methanol 
was removed under reduced pressure. Sodium hydrogen carbon­
ate was added? the solution filtered? reacidified? and ex­
tracted with ethyl acetate (6 x 30 ml.). The extract was dried 
and evaporated to dryness under reduced pressure. The solid 
was taken up in acetone? light petroluem (b.p. 40-60°) added 
and the solid (m.p. 283-6°; 45 nig.) isolated. It sublimed 
(170°/0.7 mm.) to give 3?6-dimethoxyphthalic anhydride (m.p. 
260-260.5°) identical (mixed m.p. infra-red absorption) with 
the authentic anhydride prepared from napthazarin.
N.m.r. data for 3*6-dimethoxyphthalic anhydride in 
dimethylsulphoxide at 34°
! ' [ ri multiplicity | number of protons j assignment
1
| 6 .0 51 singlet ~  1i \ -0CH3 . .
2.38 singlet ! 9 i] 2 ; C^and
Degradation of Napthazarin Dimethyl Ether
Napthazarin dimethyl ether was prepared by the method 
of K.BRASS, R.PRLUGER and K.HORHSBERG, (loo. cit.). Diffi- 
culty was found in purifying the product; two sublimations 
(l44°/0*4 mm.) and recrystallization from chloroform-methanol 
gave red needles? m.p. 159-160°.
-11U-
N.m.r. data in deuterochloroform at 37°
7?\ multiplicity number of protons 1 assignment ji >
6 . 0 3 singlet 6 I- !~0CH3
3.20 singlet 2 0o and C-, 2 3
1 2.66 singlet
: .
2 | and Cg j
Degradation - Napthazarin dimethyl ether (kOO mg.) was 
oxidized in the same manner as the napthofuran, the end of 
the reaction being indicated hy the disappearance ofSbO\x 
peak; two hours refluxing "being required. The product 
(200 mg.) was sublimed to give 3>6-dimethoxyphthalic anhydride 
m.p. 260-260.5o. lit value 260° (A.BELFERICH, Ber., 1921,
Improved preparation of 5,6-Dih.vdroxy-l, 3-dimeth.vlna etho­
x y  3- c 1furan-h,9-auinone
To a hot, stirred suspension of l,h> 5>8-tetra-acetoxy- 
napthalene (8 g.) in glacial acetic acid (300 ml.) and acetic 
anhydride (5 ml.) was added, dropwise, boron trifluoride 
etherate (10.2 ml.) in glacial acetic acid. The mixture was 
stirred for 3 hours on a steam-bath and poured onto ice.
The yellow-orange solid (7 g.) was filtered off, washed and
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and dried. The solid was chromatographed on neutral activa­
ted silica gel in chloroform containing 2% methanol; an 
orange hand preceeded a yellow hand. The orange hand 
afforded the dihydroxynapthofuran (3*6 g.) and the yellow 
hand afforded 5-acetoxy-8-hydroxy-l.'5-diinethylnanthor 2» 3-cl- 
furan-4?9-quinone (2*4 g»), m.p* 230-1° (decomp.) suhl.
215° 9 yellow needles from chloroform (Pound: C, 64* 13; H, 
4*03* ci6Hi2°6 re<luires; C, 64*02; H,4*00%) which represents 
a quantitative yield in dihydroxynapthofuran.
5-Acetoxy-8-hydroxy-l, 3-dimethylnaptho[ 2 , 3-c J furan- 
4 >9-quinone was acetylated hy treatment with acetic anhydride 
and a trace of concentrated sulphuric acid. A yellow solid 
[226-226.5° yellow needles (methanol-chloroform)J was ob­
tained identical (mixed m.p. and infra-red absorption) with 
5? 8-diacetoxy-l,3-dimethylnaptho[2,3-c]furan-4 ? 9-quinone.
Infra-red analysis of 5»8-dihydroxy-1,5-dimethylnantho-
[ 2 ,3-e1furan-4,9-quinone
The spectrum of the above was obtained using a
potassium brimide disc (2 mg./300 and 2 mg ./7 0 0 mg KBr ).
-1In the region 1500-1700 cm. three main peaks occur; 
that at I640 cm.~^ is assigned to either a quinoid or hydro­
gen bonded carbonyl group, the equivalent peak in napth-
—1 —1azarin occurs at 1600 cm. ; that at 1610 cm. is assigned
-116'
to the furan double bond conjugated to the carbonyl, the
equivalent peak in napthazarin where the double bond is in
-1 -1a quinone ring is at 1500 cm. ; and that at ca. 1590 cm.
(shoulder) is assignable to the aromatic double bond skeletal 
in-plane vibrations. Aromatic =C-H stretching absorption 
can be assigned at 3^90 cm.""1. (L.J.BELLAMY, f,The Infra-red 
Spectra of Complex Molecules*, Methen, 1958).
No sharp hydroxyl peak was found, only a broad hump 
in the range 2800-3200 cm.”'*'.
Ultraviolet A 15sorption Sti~;otrok of
<5] K  ~ ~DiHW>iZOKY- Ij3 ~12irt£THVL.NRPrrHC> -sT~
/z r c J R & r t  ~  ^ 9  -  GLOf N O rJ ^ L _ 0 0 / 3 ^  J.p^-
rfjema^o^
to
Ol
loo */oo *H o
A, ovtl.
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ATTEMPTED PREPARATION OF 2-ACETONAPTHA2ARIN
Attempts to Oxidise Quinacetophenone to 2-Aceto-p-benzoquinone
(a) To a suspension of quinacetophenone (10 g.) in aqueous 
acetic acid (150 ml.), cooled "below 5° and stirred? was added? 
dropwise, a solution of chromium trioxide (14 g.) in water 
(23 ml*) and glacial acetic acid (10 ml*) during 1+0 minutes# 
and the solution then poured into water* The "brick red 
quinhydrone (2*3 g.) was filtered off, washed with water,
and dried; it crystallized from 9 &  ethanol as orange 
needles, m.p* 147-148° (decomp.) (Pound: C, 61.1; H, 4*5*
Cl6H14°6^H2° re<3-uires c> 81.3; H, 4.7%).
The quinhydrone (50 mg.) in glacial acetic acid (10 ml.) 
was treated with stannous chloride (0*5 g.) in concentrated 
hydrochloric acid (1 ml.) and water (2 ml.). The mixture was 
immediately poured into water (200 ml.) and quinacetophenone 
(40 mg., m.p. 206-207°), filtered off, washed with water and 
dried.
(b) Quinacetophenone (0.5 g.) in benzene (30 ml.) was 
shaken with aqueous ferric chloride (32 ml., 5%) and dilute 
hydrochloric acid (100 ml., 2N) at room temperature for 24 
hours. Only quinacetophone was isolated after working up 
the benzene extract.
The above experiment was repeated using 96% ethanol
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as solvent instead of "benzene, with sufficient ethanol to 
ensure a homogeneous solution. The mixture was refluxed 
for one hour and the ethanol removed on a rotary evaporator. 
The solid was filtered off and washed with water. Only 
quinacetophenone was found.
(c) A mixture of vanadium pent oxide (50 mg.), aqueous sul­
phuric acid (50 ml. of 2%), sodium chlorate (3 g.) and quin­
acetophenone (6 g.) was stirred vigorously for four hours 
(cf. A.I.VOGEL, ’Practical Organic Chemistry’, 3rd Ed., 
Longmans Green, p.748). A tar was obtained which afforded 
green crystals of quinacetophenone (m.p. 206-207°) on crystal­
lization from 96% ethanol.
(d) Quinacetophenone dimethyl ether (5 ml.) in glacial 
acetic acid (200 ml.) was treated with aqueous nitric acid 
(60 ml. of 33%) (cf. G.SCHILL, Ger. Pat., 1,170,924, May 1964; 
Chem. Abs., 61, 9439)* The mixture was stirred for three 
hours and a sample withdrawn and poured into water. Starting 
material separated as an oil. The remainder of the mixture 
was heated on a steam-bath for one half hour and poured into 
water (2 1.). A mixture of starting material and nitrated 
solid (1 g.) was obtained.
When the concentration of the nitric acid was increas­
ed progressively more nitrated material was obtained until
- 1 2 0 -
when using concentrated nitric acid the product was whelly 
nitrated material (4*0 g., m.p* 57-59°)• Crystallization 
from 96% ethanol gave 2-aceto-6-nitroquinol dimethyl ether 
(yellow needles m.p. 72-73°) (cf. C.A.HOWE, C.R.HAMEL, E.D. 
STEADMAN and F.HYNAN, J. Org. Chem., i960, J£, 1245)*
(e) Quinacetophenone dimethyl ether (5 ml.) in 96% ethanol 
(40 ml.) was treated with aqueous nitric acid (33 ml. of 33%) 
and warmed until a vigorous reaction set in (cf. W.BAKER#
J. Chem. Soc., 19419 665)• The mixture was maintained at 50° 
until the main heat of reaction ceased. After four hours, 
with intermittent shaking, the mixture was diluted with water 
(400 ml.). The product which separated as a red oil was 
starting material (infra-red absorption)• Increasing the 
concentration of the nitric acid simply lowered the yield of 
recovered starting material. No 2-aceto-p-benzoquinone was 
obtained.
(f) Manganese dioxide was prepared by the method of J. 
ATTENBURROW, A .P. Bo CAMERON, J.H.CHAPMAN, R.M.EVANS, B.A.HEMS, 
A.B.A.JANSEN and T.WALKER (J. Chem. Soc., 1952, 1094).
Quinacetophenone (0.02 mole, 3.0 g.) and dry, finely 
ground, manganese dioxide (0.2 mole, 18 g.) were suspended in 
ether (100 ml. sodium dried) and allowed to stand at room 
temperature for 24 hours. The manganese dioxide was filtered
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off and washed thoroughly with “benzene* The “benzene washings 
and the ether filtrate were combined and evaporated. A red 
oil (2.0 g.) was obtained which could not be crystallized 
from any of the common solvents.
The reaction was attempted with a greater excess of 
manganese dioxide but with no more success.
Quinacetophenone (3«0 g.) and manganese dioxide (11.Og.) 
were suspended in dry chloroform (100 ml.) and the mixture 
refluxed for four hours. Only starting material was ob­
tained on working up the mixture.
(g) A stirred suspension of quinacetophenone (15 g«) in 
glacial acetic acid (130 ml.) containing sulphuric acid 
(1 .0 ml. of 98%) was treated with hydrogen peroxide (20 ml. 
of 87%) over Zj.5 minutes. During the addition and for one 
further hour of stirring the temperature was kept below 20°. 
The stirred mixture was warmed slightly to start the reaction 
and then cooling applied to moderate it (cf. D.BRYCE-SMITH and 
A.GILBERT, £. Chem. Soc.» 19814., 873)* The solution went red 
but on pouring into water no product could be isolated.
Using hydrogen peroxide (12 ml.), quinacetophenone 
(15 g«) and glacial acetic acid (350 ml.) a red solution was 
obtained from which a small amount of red oil could be iso­
lated by ether extraction of the aqueous solution.
-122-
(h) Quinacetophenone (10 g.) was dissolved in concentrated 
sulphuric acid (11 ml.) and diluted to 1|00 ml. with water.
To this suspension, stirred, was added sodium nitrite ( 15 g«) 
in one gram portions (cf. Organic Syntheses, ColoVol.l,p.51l)* 
The mixture was heated at 60° on a steam-bath for half an 
hour. No product could be isolated either by steam distilla­
tion or solvent extraction with benzene.
(i) Quinacetophenone (7 .5 g.), dimethyl sulphoxide 
(300 ml.) and acetic anhydride (200 ml.) were mixed and 
allowed to stand for 18 hours (cf. J.D.ALBRIGHT and L.GOLDMAN,
Jo Amer. Chem. Soc., 1965* 87* 4211+) • The mixture was still
green and on pouring a sample into water quinacetophenone 
was isolated. The remainder of the reaction mixture was 
warmed on a steam-bath to start the reaction. Cooling was 
then applied to moderate the reaction. Unfortunately sul­
phides were evolved during the oxidation (cf. K.ONODERA, 
S.HIKANO, N.KA.SHINORA. and T.YAJIKA, Tett. Let., 19&5> 4327) 
even though the dimethyl sulphoxide had been dried by distillar- 
tion from calcium hydride. The mixture was heated for one 
further hour on the steam-bath and poured onto ice (ca.l kg.) 
The oil formed was extracted with benzene leaving a residue 
of starting material. A tar remained on evaporation of the 
benzene from which only further starting material could be
- 1 2 >
isolated.
(j) 2-Aceto-jD-benzoquinone was prepared by the method of 
M.C.KLOETZEL, R. P. DAYTON and B.Y.ABADIR (£. Org. Chem., 1955* 
20, 38) using silver oxide. The published yield (90%) was 
obtained on a ten gram scale, of a red solid m.p. 54-58°.
On sublimation (at 40°/20 mm.) red-yellow star shaped clusters 
of needles m.p. 64.5-65*5° were obtained (lit. m.p. 65°).
2-Aceto-l,H-diacetoxy-5»8-dihydronaT?thalene» 2-Aceto-p>- 
benzoquinone (11 g., freshly prepared) was dissolved in glaeiaL 
acetic acid (100 ml.) and cooled until the acid began to 
crystallize. Butadiene (10 ml., freshly condensed from buta-' 
diene gas) was added and the flask stoppered with a wired-on 
stopper. The mixture was kept at ca. 10° for 24 hours and 
for one further week at room temperature. The mixture was 
then freeze dried to remove acetic acid and the adduct re­
fluxed at once with acetic anhydride (lOO ml.) for two hours. 
The reaction mixture was poured onto ice, the solid filtered 
off and washed with water. Further product was recovered by 
extraction of the mother liquors with ethyl acetate. The 
total product (19 g.) was recrystallized from 96% ethanol 
(charcoal) to give needles of 2-aceto-l,4-diacetoxy-5*8- 
dihy^pnap.t^lene (4«0 g., m.p. 128.5-129°) after repeated re­
crystallizations (Found; C, 66.6 ; H, 5.6 requires
-124-
C, 66.7; H, 5.6%).
Attempts to Prepare 2-Acetonapthazarin Diacetate
Purified 2-aceto-l,4~&iacetoxy-5*8-<iihydronapthalene 
(400 mg.) in glacial acetic acid (10 ml.) was added, dropwise, 
during one hour, to a solution of chromium trioxide (0.8 g.) 
in 80% aqueous acetic acid (4 ml.) at 0°. The solution was 
cooled and stirred for a further three hours and allowed to 
reach room temperature over-night. The mixture was poured 
into ice water and the mixture stirred for one hour. The 
yellow solid (100 mg.) was filtered off, washed with water, 
and dried. On testing a portion of the solid by solution in 
concentrated sulphuric acid no red colouration was obtained, 
transient or otherwise. The solid couh cot be crystallized 
from any of the common solvents or mixtures thereof. Chroma­
tography afforded no crystalline material.
The yellow solid (200 mg.) from another experiment was 
refluxed with zinc dust (l g.), acetic anhydride (20 ml.) and 
triethylamine (one drop) for two hours. The reaction mixture 
was poured onto ice (ca 100 g.) and the solid filtered off,
washed with water, and dried. The solid was extracted 
with chloroform (200 ml.), the chloroform evaporated to 
50 ml. and light petroleum (50 ml. b.p. 60-80°) added. No
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precipitate was obtained. Evaporation of the solvent 
gave a solid very soluble in benzene, chloroform, and acetic 
acid. It could not be crystallized.
The oxidation of the dihydronapthalene was repeated 
varying the proportion of chromium trioxide above and 
below that already given without any crystalline material 
being obtained.
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NUCL15AR MAGNETIC RESONANCE DATA
All spectra determined at 60 mcs. and 3k° in deutero- 
chloroform unless otherwise stated.
s = singlet 
d = doublet 
m = multiplet 
dd = double doublet 
t = triplet
Derivatives ef 5? 8-Dihydrox.y-l9 5-dimethylnanthof 2? 3-c 1 furan- 
49 9-quinone (XXI)
■ ,0 ' vs ' !*-< .
5? 8-Dihydroxy-1 > 5-dimethylnapthof 2? 5-clfuran-h» 9-quinone
i ^  
i L
Multiplicity 
coupling in cps.
Number of 
Protons
1 Assignment
j j
| 7.27 s 6
!
| 2.81+ s 2 j C(6) and C(7)|
1-3.10
■
S i 2 | C(5) and C(8)
» i
\
5,8-Diaee-toxy-1,3-dimethylna-Dthof 2,3-clfuran-U> 9-auinone
7.5k s
'
6 i
J
-o.co.CH,3 j
7.36 s 6 l
C(/) and C(3)-CH, 1
2.66 s 2 jj C(6) and C(7)
'
5* 8-Dime thox.v-l» 3-dimethylna-pthof 2, 3-clfuran-Zi9 9-auinone
7.344- s
6 !
C(l) and C(3) methyl
6.01 s 6  j C(5) and C(8)-0Me
;
2.71 s 2 I 
1
C(6) andC(7) !
**
59Acetoxy-8-h.vdrox.y-1,;5-dimethylnaothof 2# 3-clfuran-h, 9-auincng
7.67 S
;
3 1 -O.CO.CH,
7.38 !I ■ s ,
i
3 j CH, at C(l) or C(3)
7.32 i
;
;
s
' 3 1
CH, at C(l) or C(3)
2,95 d(8.6) 1 j H, C(6) or 0(7)
2.78 d (8.6) i
i
1 j H, 0(6) or 0(7)
-2.65
!
1 1 I H* chelated OH
Dimethyl-2 * 5-dime th.vl:furan-5j h-dicarboxylate
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2-Aceto--p-Ben2oauinone
i
7 .42 i! s 3 j] -C0.CH,
j 3.13 | m 2 j C(5) and C(6)
2 .98 j m 1 |
i•
C(3)
2~Aceto-l,Ai-
1
-diacetoxy^5
t
• 8-dihydronapthalene
j7.67 ; s■ 3 ! -O.CO.CH, at C(4)?
I 7.63 !! 1 s
*
■ 3 I
-O.CO.CH, at C(l)?
17.48 |{ !
s 3 !t -CO.CH,
16.76 Ij I d(2) 2 ; C(5»5’) or C(8»8'
] 6.73 j d(2) 2 tf
t|.*10 centre m 2 C(6) and C(7)
; 3*02 |
i
s 1 i!’
C(3)
jl»U-Diacetoxy-5* 8-dihydronapthalene
17.76 tI | s 6 i*♦
-O.CO.CH,
| 6.81 ! d(l.5) k !
C(5>5' >8,8')
| 4.15 f in
2 Si C(6) andC(7)
! 3.05 1
.
e
1
2 1 C(2) and C(3)
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2*Methyl~l, U-diacetoxy-5* 8-dihydronapthalene
i
17 • 87;
s broad' 3 -CH, at G(2)
] 7*73 s 3 -O.CO.CH, at C(4)7
17.70
\
8 3 -O.CO.CH3 at C(l)?
\e.83i k C(5»5’»8,8')
j 4*14 m 2 C(6) and C(7)
!3.X5" 1 C (3)
9•10-Di ac et oxy-1«h-me thano-8 * 8-me thano-1*h •5»8-t etra-
hydroanthracene .
i
i
1*11
j
.m * methano bridges
j 7 .67 s 6 -O.CO.CH,|
16.19j m C(l), C(U)» C(6),
J3.2 m C(2), C(3) f  0(7) i
I
Derivatives of Methylnapthazarin
Methylnapthazarin !
f 1*19
]
a(i.2)
1 3 ii
C(2) methyl
\ 3.12 quartet (1*2) 1 J 0(3)
| 2 .81 ;j ! s 2 C(6) and C(7)
j-2.21 s 1 -OH at C(8)?
J '
!-2.33 s
i
1 ! -OH at C(5)?
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Methylnanthazarin diacetate
17.88
7.33
7.57
3.28
2.60
d(l.2)
s
s
quartet (1.2) 
s
3
3
3
1
2
2-Bromomethylnapthazarin diacetate
;7.5U 
; 7.53 
I 5.67i
i 3.00 
! 2.54
4(1.2)
t(1.2)
8
3
3
2
1
2
C(2) methyl 
-0.C0.CHyC(5) or 
-o .c o .g h3 
0(3)
0(6).-and 0(7)
-O.CO.CH3, 0(5) or
-o .c o.ch3
0(2) - CH2Br 
0(3)
0 (6) and 0(7)
2-Ethoxymethylnapthazarin diacetate
!! 8.70 
! 7*34
5.80 centre
i
l3.0 ;
! | 
12.57 !
m
s broad 
m
hump
s
3
6
•4-5
1-2
2
c h ,c h2p- |
•O.CO.CH,,C(5) and C(8)[ 
methylene groups |
0(3) |
C(6) and C(7) !
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Unknown compound from 2-bromomethyIna-pthazarin in trifluoro« 
acetic acid
; 7.2*5 ; S l\
j )
j 7.43
?
s !< 12 -O.CO.CH,,D
i  7.42 
t
s ■ )
p
at C(l)(4)(5)(8)
6*91 s.broad 2 C(2)-CH20E
2.77 s.broad \ 1 0(3)
5 2.70 s 2
■
C(6) and C(7)
’
NAPTHAZARIH DERIVATIVES
nanthazarin
i
- 2.88j j
s
1 k
0(2)(3)(6)(7)
-2.39 1
i i
s 1 2| -OH, C(5) and C(8)
! napthazarin in dimethylsulphoxide
j 2.8 centre hump *f 0(2)(3)(6)(7)
i  i
j~ 2 * 7 9  1 s 2 C(5) and C(8)-0H
*
napthazarin monoacetate
7.58 j
i 3
-O.CO.CH,
3
3.13 i
1 {
8
.
1 0(2) ?
! i 
3.10 s 1 0(3)?
2.68 s 2 0(6), C(7)
-2.41 s J 1 -OH
napthazarin monoacetate in dimethylsulphoxide at 70
j 3-17
OHTl 1 C(2)?
i
i
j 3-06 d(lO) 1 j C(3)7
1 2.7 d(10) 1 ! C(6)?
) 2«62 
I
d(!0) 1 * C(7)?
napthazarin diacetate
j 7 • 58 s 6
t
! -O.CO.CH,
j 5
{3-22 B 2 1 C(2) and C(3)
J
! 2.63
j
s 2 | C(6) and C(7)
napthazarin dimethyl ether '/
6*03 s 6
i
i -OCH, at C(5) and
‘3*20 s 2 j C(2) and C(3)
i
2*66 S 2 j C(6) and C(7)
Compound A
-133-
17.58
3*22
2.72
2.62
2.28
Compound B
s 12
s
•
2
s 2
s 2
sym.m.
.
k
' a 2b 2
O U
-'0.C0.CH3 
C(2) and C(3) 
C(2') and 0(3*) 
C(6) and C(7) 
G(5*.6*,7’»8’)
Vf*
j 7.90 
| 7*80 
j 7.55 
i 7.57i
! 3.30 
: 3.13 
| 2.60 
;C& . 2.03
! centre
d(1.2)
d(1.2)
s
s
quartet (1.2)
it ♦»
s
m
3
6
3
3
1
2
2
8
CH3- at C(2) 
CH3- at? C(2f)
-o .c o .c h J  
- o . c o . c h J 0 ^  or
0(3)
c(3’)
C(6) and c(7) 
C(3’#6t,7S8t)
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7.78 3
2
3
-CH, at C(2)
-OH at C(l) and C(i+) 
0(3,5.6)
15.69 | s j
I I f
(3.39 I m |! t
3» S-Dimethoxynhthalic anhydride in dimethylsulphoxide
i
6.06 I s  j 6
2.38 I s  1 2
-OCH, at 0(3) and 0(6)j 
C(U) and 0(5) I
Juglone acetate (5-hydroxy-l.H-napthoaulnone)
7.58
13.34I
! 3*05 
2*59
! 2.29
i
i
i
11.92
S  I 3
1
a(io.3) j 1
d(10.3) | 1
dd(7.8) } 1
(2.0) I
dd(7.8) j 1
(7.8) j
dd(7.8) j 1
(2.0)
O.CO.CH.
0(3)?
0 (2)?
0(6)
0(7)
0(8)
-135-
2-Aoeto-l»U-diaeetox.vbenzene
|7.71t
8
3
i 7.68» 8 3
7.U3 S 3
2.75 centre
-
m 2
2*40 centre
i
d(2.3) 1
2-Aceto-l»A-dimethoxybenzene
i7 *46 iI
3 3
i >* J
16.30 !
! j
s 3
;6.21 i s 3
;3*07 centrej m
:
2
12*71 centre) dd(2.7) 1
(1*2) j
1« 2«U-Triacetoxynat)thalene
[7.72 j s j 3
j7.6l ! s j
a- ! i
6
[2.69 | s j
| j |
1
j 2.37 centrej m | 4
1> U-Diacetoxynanthalene
;7.60 | s [ 6
j 2.70 : s i
1 ■' t
2
j2.24 | sym.m* ? 
!centre A2B2 ‘
k
o .c o .c h3-c (u)? j
O.CO.CH,~C(l)? j
•CO.CH, !
•* i
C(5) and C(6) j
C(3) •
CH3C0-
CH^O- ?C(k)
c h3o- ?c(i)
0(5) t 0(6)
0(3)
CH,C02 - C(2) I
CH,C02 - C(l) and C(h). 
C(3) j
i
i*. aryl H
CH,C02 - C(l) and C(4)| 
C(2) and C(3) 
k aryl H
